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ABSTRACT 
 
THE EFFECT OF FUNCTIONAL MOVEMENT CONTROL ON PATIENT-
REPORTED OUTCOMES IN INDIVIDUALS WITH NON-ARTHRITIC HIP PAIN 
 
 
 
By 
Ryan P. McGovern  
May 2019 
 
Dissertation supervised by RobRoy L. Martin, PhD, PT, CSCS 
Purpose: Both the single leg squat test and step-down test assess for deficiencies 
relating to the hip and surrounding musculoskeletal structures and could be useful in the 
evaluation of functional movement control for individuals with non-arthritic hip pain.  
The purpose of this study is to determine if individuals with non-arthritic hip pain that 
improve functional movement control during the single leg squat test and step-down test 
have better patient-reported outcomes than those that do not improve, following the 
implementation of a rehabilitation intervention and a standardized home-exercise 
program. 
 
Subjects: Forty-six individuals (31 females; 15 males) with a mean age of 30 years (range 
= 14-61; SD = 12) were included in this retrospective study.  These individuals were 
  
 v 
patients of an orthopaedic surgeon who were clinically diagnosed and conservatively 
treated for non-arthritic hip pain from chondrolabral lesions caused by FAI, dysplasia 
and/or structural abnormalities.  Participants must have had evaluations for both the 
initial and follow-up test performance of the single leg squat test and step-down test, 
following the implementation of a rehabilitation intervention and a standardized home-
exercise program. 
  
Materials/Methods: The following information was retrospectively collected from an 
outcomes registry: age, gender, height, weight, body mass index (BMI), side of involved 
hip, duration of symptoms, intra-articular diagnosis, current pain level (VAS), hip 
outcome score for limitations in activities of daily living (HOS-ADL) and sports-related 
activities (HOS-SRA), percent global rating for activities of daily living (% - ADL) and 
sports-related activities (% - SRA), the categorical assessment of function, patient 
satisfaction, the individual’s decision to proceed with surgical intervention or not, and 
evaluations of test performance for the single leg squat test and step-down test from both 
the initial and follow-up clinical evaluations.  The research data for the current study was 
de-identified so that subjects could not be identified, directly or through identifiers linked to 
the subjects. A one-tail, independent t-test and a one-way analysis of covariance 
(ANCOVA) with a pre-determined alpha set of 0.05 were performed for each continuous 
patient-reported outcome (VAS, HOS-ADL, HOS-SRA, % - ADL, % - SRA). A Fisher’s 
exact test with a pre-determined alpha set of 0.05 was performed for each categorical 
patient-reported outcome (categorical rating of function, patient satisfaction, and choice 
for surgical intervention or not).   
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Results: There was a statistically significant difference (p≤.022) between individuals that 
improved and those that did not improve their functional performance for the following 
measures: VAS for SLST and SDT, HOS-ADL for the SLST and SDT, HOS-SRA for the 
SLST and SDT, % - ADL for the SLST and SDT, and % - SRA for the SLST.  There was 
not a statistically significant difference for the % - SRA for the SDT (p=.094). There was 
a statistically significant relationship (p≤.004) between those individuals that improved 
and those that did not improve their functional performance for both the SLST and SDT 
with patient satisfaction and surgery.  There was not a statistically significant relationship 
between those individuals that improved and those that did not improve their functional 
performance for both the SLST and SDT with their categorical rating of function 
(p≥.117). 
 
Conclusions: Individuals that improved their functional movement control during 
performance of the SLST and SDT reported less pain, higher scores for functional ability 
in their daily and sports-related activities, higher scores for their global rating of 
functional ability in their daily and sport-related activities, higher patient satisfaction with 
the prescribed rehabilitation intervention and standardized home-exercise program, and 
lower rates of surgical intervention, than those that did not improve. 
 
Clinical Relevance: The results of this study suggest that individuals who improved their 
functional movement control are more likely to report less pain and greater functional 
ability in their daily and sports-related activities following a prescribed rehabilitation 
intervention and standardized home-exercise program. A significant number of 
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individuals who improved their functional movement control reported greater satisfaction 
with the prescribed rehabilitation intervention as well as lower rates of surgical 
intervention, than those that did not improve. There is potential significance for the 
routine addition of the SLST and SDT into the clinical assessment of non-arthritic hip 
pain and dysfunction as measures of function.  This study also supports the use of a 
rehabilitation intervention and a standardized home-exercise program to acutely improve 
outcomes for those with non-arthritic hip pain. 
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Chapter 1 
Introduction 
1.1 Background 
 Healthcare providers utilize functional performance testing to evaluate individuals 
for injury prevention, management of athletic injuries, and return-to-play decisions.1-3  
Functional performance tests combine the assessment of range of motion, strength, and 
proprioception to evaluate functional movement patterns that are associated with more 
complex activities.2,4  These tests are used to identify neuromuscular deficiencies that 
limit the functional movement control of an individual during dynamic activity.2   In a 
healthy active population, those who were able to improve their movement control had an 
improvement in functional performance testing.5,6  However, for individuals with non-
arthritic hip pain, there are no studies demonstrating whether those that have improved 
functional movement control will differ in outcome assessment from those that do not 
improve. 
 An area of limited research is the evaluation of functional performance testing in 
the young, athletic population with non-arthritic hip pain.2  Non-arthritic hip pain is 
defined as pathologies associated with the intra-articular structures of the hip in the 
absence of severe degenerative joint disease that can cause pain including 
femoroacetabular impingement (FAI), dysplasia, structural instability, acetabular labral 
tears (LT), chondral lesions, and ligamentum teres tears.7-9  These non-arthritic hip 
pathologies have been associated with abnormal hip motion and muscle function.7,9,10 
Arthroscopic surgical interventions to treat these conditions have increased in the United 
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States by 365% between 2004-200911 and 600% between 2006-2010.12  While surgical 
outcomes are generally good it is unknown whether improvements in hip motion and 
muscle function with non-operative or conservative treatment can also produce positive 
outcomes.  It may be possible to decrease intra-articular stresses and have good outcomes 
even in the presence of structural abnormalities through conservative treatment of 
neuromuscular deficiencies.   
 Non-arthritic hip pain is diagnosed from a combination of diagnostic imaging (i.e. 
x-ray, magnetic resonance imaging, magnetic resonance arthrogram) and a 
comprehensive clinical examination.7,8,13  Patient-reported outcome measures (PRO’s) 
and functional performance testing are included in the clinical examination.7,13  Two 
commonly performed lower extremity functional performance tests are the single leg 
squat test (SLST) and step-down test (SDT).14,15  The SLST and SDT account for several 
deviations in hip, pelvis, and trunk performance that are considered important when 
assessing individuals for neuromuscular deficiencies associated with non-arthritic hip 
pain.16,17    While clinicians commonly utilize the SLST and SDT in the evaluation 
process for those with lower extremity pathologies, their use in individuals with non-
arthritic hip pain has not been specifically defined. 
  Both the SLST and SDT assess for deficiencies relating to the hip and 
surrounding musculoskeletal structures and could be useful in the evaluation of 
functional movement control for individuals in this population.  The purpose of this study 
is to determine if individuals with non-arthritic hip pain that improve functional 
movement control during the SLST and SDT have better PRO’s than those that do not 
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improve, following the implementation of a rehabilitation intervention and a standardized 
home-exercise program. 
 
1.2 Problem Statement 
 There are no current studies that demonstrate whether individuals with non-
arthritic hip pain who improve their functional movement control from an initial 
evaluation (pre-test) to follow-up evaluation (post-test) of the SLST and SDT differ in 
PRO’s than those that do not improve, following the implementation of a rehabilitation 
intervention and a standardized home-exercise program. 
 
1.3 Independent Variables 
 The independent variable of the current study was the evaluation of functional 
movement control by performance of the SLST and SDT. 
1. Improvement from initial evaluation (pre-test) to follow-up (post-test) evaluation 
following rehabilitation that includes a standardized home-exercise program. 
 
1.4 Dependent Variables 
 The current study evaluated PRO’s before and after rehabilitation intervention and 
a standardized home-exercise program. Patient outcomes will be determined by the 
evaluation of eight dependent variables: 
1. Visual analog scale (VAS) for evaluation of current pain level.  
2. Hip outcome score for limitations in activities of daily living (HOS-ADL).  
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3. Hip outcome score for limitations in sports-related activities (HOS-SRA). 
4. Percent global rating for activities of daily living (% - ADL). 
5. Percent global rating for sports-related activities (% - SRA). 
6. Categorical rating of function. 
7. Patient satisfaction. 
8. Choice of surgical intervention or not. 
 
1.5 Hypothesis  
1. Individuals that improve functional movement control during performance of the 
SLST and SDT will have better PRO’s than those that do not improve. 
a. Individuals who improve functional movement control during 
performance of the SLST and SDT will have a lower reported pain level 
(0-10) than those that do not improve. 
b. Individuals who improve functional movement control during 
performance of the SLST and SDT will score higher on the HOS-ADL (0-
100) than those that do not improve. 
c. Individuals who improve functional movement control during 
performance of the SLST and SDT will score higher on the HOS-SRA (0-
100) than those that do not improve. 
d. Individuals who improve functional movement control during 
performance of the SLST and SDT will report a higher % - ADL (0-100), 
than those that do not improve. 
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e. Individuals who improve functional movement control during 
performance of the SLST and SDT will report a higher % - SRA (0-100), 
than those that do not improve. 
f. Individuals who improve functional movement control during 
performance of the SLST and SDT will report a better categorical rating of 
function (improved or did not improve), than those that do not improve. 
g. Individuals who improve functional movement control during 
performance of the SLST and SDT will report a higher level of 
satisfaction (yes or no), than those that do not improve.  
h. Individuals who improve functional movement control during 
performance of the SLST and SDT will choose surgery at a lower rate (yes 
or no), than those that do no improve. 
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Chapter 2 
Literature Review 
 A review of the literature was conducted to provide an overview of non-arthritic 
hip pain (section 2.1) as well as outline the current treatment strategies (section 2.2) and 
define the evaluation process (section 2.3) for individuals with intra-articular hip 
pathologies. 
 
2.1 Non-Arthritic Hip Pain 
 Non-arthritic hip pain is defined as pathologies associated with the intra-articular 
structures of the hip in the absence of severe degenerative joint disease. The most 
common cause of non-arthritic hip pain is chondrolabral pathologies, specifically labral 
tears and chondral lesions.7  Deformities that lead to chondrolabral pathology include 
FAI, dysplasia, and structural instability.7-9 These pathologies commonly are inter-related 
and can occur concurrently, with cam and pincer FAI being the most common 
deformities.11,12,18  Cam impingement is caused by an asphericity of the femoral head 
and/or a protrusion of excess bone at the femoral head/ neck junction,7,19 while pincer 
impingement is caused by an excessive protrusion of the anterolateral rim of the 
acetabulum.7,19  Although most of the current focus has been dedicated to FAI,20 
dysplasia and structural instability are also prevalent bony abnormalities that can lead to 
acetabular labral tears and chondral lesions, due to excessive femoral head movement 
relative to the acetabulum.7,10,21-25  Dysplasia typically causes instability from an 
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undercoverage of the anterior and superolateral acetabulum over the femoral head.25,26  
While dysplasia is the most common type of structural instability, excessive acetabular 
anteversion and retroversion as well as femoral anteversion are also prevalent conditions 
that can cause excess hip motion.  Femoroacetabular impingement, dysplasia, and 
structural instability cause symptomatic chondrolabral lesions due to the repetitive impact 
and rotational loading associated with sports related activities.7,25,27-30   
 Individuals with symptomatic chondrolabral lesions commonly report pain in the 
groin or anterior hip, however symptoms can also present in the lateral or posterior hip 
region.25,31  Pain is often associated with mechanical symptoms that present as catching, 
clicking, locking, and/or an unstable feeling in the hip joint.19,25  The onset of symptoms 
in individuals can occur from an acute traumatic incident but have primarily been 
reported as atraumatic with intermittent sharp pain.19,25,31  A decrease in hip flexion, 
adduction, abduction, and internal rotation range of motion (ROM) are the most 
consistently identified limitations in patients with chondrolabral pathologies.25,31  While 
limitations in hip ROM are common in this population, increased pelvic and lumbosacral 
motions can compensate causing further pathomechanical adaptations.19  These 
adaptations can lead to functional limitations during daily and sports-related activities, 
diminished strength in the musculature of the hip, and impaired kinematic and kinetic 
movements during weight-bearing activities.31,32  Individuals have shown a decrease in 
hip and pelvis ROM in the frontal and sagittal planes as well as altered balance and 
proprioceptive control during dynamic movements.16,33,34  Significant muscle weakness 
with hip flexion, abduction, adduction, and external rotation has been shown in 
individuals with non-arthritic hip pain compared to healthy controls.16,33,35    The loss of 
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strength, functional motion, and proprioception during weight-bearing activities combine 
to cause neuromuscular deficiencies that can decrease the dynamic stability of the hip, 
pelvis, and trunk.32 
 Neuromuscular control is the detection and utilization of perceived sensory 
information attained during performance of specific movements.36  Deficiencies in 
neuromuscular control during dynamic weight-bearing activities have been shown to 
notably change movement patterns and increase the risk for musculoskeletal injuries.33,36  
The assessment of deficiencies in individuals with non-arthritic hip pain during dynamic 
movements should be evaluated before a rehabilitation intervention or conservative 
treatment is initiated.37  Functional performance testing is commonly utilized to evaluate 
the basic dynamic movement patterns of the lower extremity and may combine ROM, 
flexibility, balance, proprioception, motor control, as well as muscle strength, power, 
and/or endurance.2,37,38  Identification of deficiencies in neuromuscular control during 
functional performance testing could improve the individualized rehabilitation 
intervention utilized to increase muscular strength around the hip, decrease joint 
instability, and improve proprioceptive control during dynamic activities. 
 
2.2 Treatment of Non-Arthritic Hip Pain 
 The current standard of care for treatment of individuals with non-arthritic hip 
pain include conservative care, rehabilitation, and/or surgical intervention.  Open and 
arthroscopic surgeries are utilized to address structural abnormalities as well as the 
associated intra-articular pathologies.31  Prior to consideration of surgical intervention, a 
trial of non-operative or conservative management is commonly recommended to address 
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neuromuscular deficiencies in the surrounding hip musculature through a rehabilitation 
intervention.7,31,32 
 
2.2.1 Operative Management 
 Open surgical dislocation and hip arthroscopy are the two commonly performed 
operative techniques to treat non-arthritic hip pain.20,39  While the use of an open 
dislocation procedure was first reported to access the hip joint in 200140 and treat 
individuals with FAI in 2003,41 hip arthroscopy has become the most commonly 
performed procedure in the past decade.11,12,18,42  Arthroscopic interventions to treat intra-
articular conditions have increased in the United States by 365% between 2004-200911 
and 600% between 2006-2010.12  The increased use of the less invasive arthroscopic 
procedure is associated with having better overall recovery of function, reducing non-
arthritic hip pain, and having a lower re-operation rate than the open surgical dislocation 
procedure.39   
 Both open dislocation and hip arthroscopy techniques are utilized to address 
structural abnormalities, relieve pain, improve the functional ability of patients during 
activity, and preserve the hip joint from further structural damage.43  Commonly 
performed procedures utilized to address intra-articular pathologies during surgical 
intervention include: debridement, repair, refixation, or reconstruction of labral tears;44,45 
femoroplasty for decompression of cam morphologies;45,46 acetabuloplasty for acetabular 
rim resection of pincer morphologies;47,48 pelvic osteotomies to treat dysplasia and 
acetabular retroversion (ie. shelf osteotomy, periacetabular osteotomy, Birmingham 
interlocking periacetabular osteotomy);45,49 acetabular and femoral chondroplasty for 
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repair of damaged cartilage;50,51 acetabular and femoral microfracture procedures for 
addressing chondral defects;52,53 and debridement or reconstruction for tears of the 
ligamentum teres.44,54  The open dislocation and arthroscopic surgeries for management of 
non-arthritic hip pain have both been reported to positively affect PRO’s.55,56   Studies 
demonstrate that individuals who underwent surgical interventions for chondrolabral 
pathologies relating to FAI and dysplasia reported a decrease in pain, improvements in 
function, and a high level of satisfaction with the surgical procedure.39,57-59  However, 
despite the increase in the frequency of surgery and the positive PRO’s, there are 
limitations that are not addressed in the current literature. These limitations include: a 
precise examination procedure to determine which individuals warrant surgical 
intervention; a lack of robust evidence-based research describing long-term outcomes of 
surgery; and a lack of high quality studies comparing operative to non-operative 
treatment.20,60-62  
 
2.2.2 Non-Operative Management    
 While surgical interventions are generally thought to be successful in treating 
non-arthritic hip pain,39,57-59 a recent systematic review found that FAI morphological 
deformities and labral injuries are common in asymptomatic individuals.63  Structural 
deformities commonly addressed during surgical intervention may not be the only 
influences on pain in individuals with non-arthritic, intra-articular hip conditions.32  
Neuromuscular deficiencies in the surrounding hip musculature can lead to joint 
instability and excessive motion causing structural damage over time.23,32,64  It may be 
possible to decrease intra-articular stresses even in the presence of structural 
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abnormalities through improving neuromuscular control of the surrounding structures and 
possibly avoid the need for surgical correction. 
 A trial of non-operative management is commonly recommended before 
consideration of surgical intervention, however specific rehabilitation protocols have not 
been thoroughly established in the current literature.  A literature review that identifies 
and provides available evidence for the use of non-operative or conservative management 
of individuals with non-arthritic hip pain from the current, peer-reviewed literature is 
presented in Chapter 3. 
 
2.3 Evaluation of Non-Arthritic Hip Pain  
 With the recent increase in awareness of non-arthritic hip pathologies,20,65 
identification and diagnosis of these conditions has become more common, especially in 
the young, athletic population. Non-arthritic hip pain is diagnosed from a combination of 
diagnostic imaging (section 2.3.1) and comprehensive clinical examination (section 
2.3.2).7,8,13  The use of imaging and the clinical exam should focus on the intra-articular 
structures of the hip, surrounding musculotendinous structures, as well as the spine, 
pelvis and lower extremities.13,66,67 The primary objective for the evaluation of 
individuals with non-arthritic hip pain is to not only identify the severity of specific 
pathologies but also identify associated neuromuscular deficiencies and functional 
limitations.   
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2.3.1 Diagnostic Imaging 
 The combined use of a standard set of plain radiographs (section 2.3.1.1) with 
either magnetic resonance imaging (MRI) (section 2.3.1.2) or magnetic resonance 
arthrography (MRA) (section 2.3.1.3) allow for a thorough evaluation of intra-articular 
pathologies of the hip.66,68    
 
2.3.1.1 Radiographs 
 A standard set of plain radiographs are attained to assess the bony structures of 
the intra-articular hip joint.66,69  Common radiographic views utilized to evaluate intra-
articular pathologies of the hip include the superior anteroposterior (AP) view of the 
pelvis, lateral view of the proximal femur (Dunn 45° or 90° view, frog-leg lateral view, 
and/or cross-table lateral view), and a standing false profile view of the pelvis.8,13,66,69  
The full, contralateral hip joint and proximal femur should be included in the AP view to 
allow for the proper evaluation of all angles and structures.  Valuation of these views are 
commonly assessed with automated software, allowing for the direct measurement of 
angles associated with non-arthritic hip pain.66   
 Femoral morphologies associated with cam impingement are commonly assessed 
using the AP, lateral (specifically the Dunn), or modified false-profile views for the alpha 
angle.13,66,70  An alpha angle greater than 55°-60° is considered abnormal, while angles 
less than 55° are defined as normal.13,41,66  Acetabular over-coverage associated with 
pincer impingement is assessed using the AP view for the crossover sign, Wiberg’s 
lateral center-edge-angle (LCEA), and the Tönnis angle as well as the false profile view 
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for anterior center-edge-angle (CEA).8,13,66  The AP views for LCEA, the acetabular 
index, and Tönnis angle as well as the false profile view for CEA are also utilized to 
assess for acetabular under-coverage associated with dysplasia.13,66  Normal LCEA and 
CEA are 22°-42°, while angles <40° are considered to be pincer morphologies and > 26° 
are measured as dysplastic.66  Tönnis angle’s between -10° and 10° are considered 
normal, however, an angle <10° can be considered dysplastic while an angle of >10° can 
be indicative of a pincer morphology.66 Acetabular retroversion can be evaluated using 
the AP view assessing for LCEA, the crossover sign, the posterior wall sign, the ischial 
spine sign and the acetabular index.8 A positive crossover sign with LCEA >35° is 
indicative of acetabular retroversion.66  The femoral neck to shaft angle is also measured 
in the AP view for evaluation of abnormal femoral neck orientation in the acetabulum.  
Normal femoral neck-shaft angles range from 125° to 145°, with a femoral neck-shaft 
angle >145° indicative of coxa valga, and a neck-shaft angle of >125° indicating the 
occurrence of coxa vara.66  These conditions can lead to abnormal stresses on the hip 
joint causing irregular hip development, biomechanics, and secondary soft-tissue 
pathologies.66  
 Radiographs have been shown to be reliable and valid in identifying bony 
abnormalities associated with cam and pincer FAI, dysplasia, and structural instability.71-
76  Several studies have demonstrated the diagnostic accuracy of non-radiologists 
correctly diagnosing cam and pincer FAI.71,72  Specifically, Ratzlaff et al.71 demonstrated 
intra-rater reliability with a kappa value of 0.72 and prevalence-adjusted bias-adjusted 
Kappa of 0.76, while validity was shown with a sensitivity of 0.83 and specificity of 0.87 
compared to an experienced musculoskeletal radiologist. Measurements indicative of 
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dysplasia have demonstrated intraclass correlation coefficients (ICC) for intra-rater and 
inter-rater reliabilities as 0.85 and 0.51 respectively,77 as well as 0.67 for inter-rater 
reliability for observers who were experienced in evaluating the hip.72,78 Acetabular 
retroversion was also shown to be accurately assessed with kappa values of 0.63 and 0.70 
for inter-rater reliability and 0.67 and 0.70 for intra-rater reliability.75   
 In order to classify individuals with non-arthritic hip pain, osteoarthritic changes 
should be evaluated radiographically utilizing the Tönnis classification of osteoarthritis.79  
The Tönnis grade is usually assessed on the AP view and gives an objective evaluation 
for the severity of degeneration.  The Tönnis grade evaluates the joint space between the 
femoral head and acetabulum of the hip on a 4-point scale, from 0 to 3 with: 0 
representing no signs of osteoarthritis; 1 representing mild osteoarthritis with an 
increased subchondral sclerotic change, slight narrowing of the joint space, and/or slight 
loss of head sphericity; 2 representing moderate osteoarthritis with small cysts, moderate 
narrowing of the joint space, and/or a moderate loss of head sphericity; and 3 
representing severe osteoarthritis with large cysts, severe narrowing or obliteration of the 
joint space, severe deformity of the femoral head, and/or evidence of necrosis.72,79 The 
classification of hip osteoarthritis is commonly defined as a 50% narrowing of joint space 
(< 2 mm) and/or a Tönnis grade of 2-3.8,43 Therefore, non-arthritic hip pain can be graded 
as either a Tönnis 0 or 1 due to the overall preservation of joint space with no or mild 
sclerotic change.7,43,80  Kappa values for Tönnis grading have been reported for inter-
observer reliability (0.74) and intra-observer reliability (0.73) in a 20-year follow-up 
study on periacetabular osteotomies.81  
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2.3.1.2 Magnetic Resonance Imaging 
 Magnetic resonance imaging techniques have been specifically developed for 
evaluating FAI and soft-tissue conditions of the hip joint and surrounding 
musculoskeletal structures.68,82  The use of MRI has recently been shown as highly 
accurate in the evaluation of intra-articular pathologies of the hip in the presence of 
FAI.68,83  MRI techniques include imaging in an oblique plane along the femoral neck as 
well as standard coronal, sagittal, and axial plane views of the hip and pelvis.13,68 
Addition of the contralateral hip can be included in the coronal view to allow for 
comparison of bone marrow charactersistics.68  Evaluation of these views are commonly 
assessed with automated software, allowing for the visualization of structures and direct 
measurement of angles associated with non-arthritic hip pain.  
 MRI can be used to identify structural morphologies associated with cam and 
pincer impingement.  Similar to the evaluation of radiographs, the alpha angle is 
quantified from the axial oblique series for cam impingement and the LCEA is quantified 
from the coronal sequence for pincer impingement.68  Fibrocystic lesions that are caused 
by impingement can also be identified by MRI to show changes in the femoral head-neck 
junction.68  MRI’s have been shown to accurately assess for chondrolabral pathologies 
associated with FAI, demonstrating high levels of both specificity (50%-100%) and 
sensitivity (85%-100%) when compared to hip arthroscopy.83 While the acetabular 
labrum can be identified on the coronal, sagittal, and/or axial oblique views, higher 
strength MRI’s (3T) have better outcomes than lower strength (1.5T) for identifying 
labral tears.68  Subchondral changes, extra-articular tendinopathies, and capsular defects 
are also commonly assessed by healthcare providers when evaluating an MRI for FAI 
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and intra-articular, soft-tissue pathologies.68 The diagnostic accuracy of conventional 3T 
MRI has been shown to be equivalent to 1.5T MRA for diagnosing labral tears and 
cartilage delamination, while it is has been shown superior in diagnosing acetabular 
cartilage defects.84,85   
 
2.3.1.3 Magnetic Resonance Arthrography 
 Magnetic resonance arthrography is the direct injection of a contrast material into 
the hip joint followed by the standard MRI evaluation reviewed in the previous section.  
The injection is either given directly into the hip joint under ultrasound sonography or 
fluoroscopy, or indirectly into the bloodstream.86 The sensitivity of a 1.5T MRA has been 
shown equivalent to the conventional 3T MRI for diagnosing labral tears and cartilage 
delamination, but it has been shown less effective in diagnosing acetabular cartilage 
defects.84,85  While MRA techniques are still commonly utilized by healthcare providers, 
the inclusion of intra-articular contrast is an unnecessary invasive procedure that is not 
needed to accurately evaluate the intra-articular structures of the hip.68   
 While radiographs are the most commonly utilized imaging method for 
diagnosing and assessing the progression of osteoarthritis, MRI and MRA can also be 
used to identify pre-arthritic changes in the hip by assessing for chondrolabral 
pathologies associated with increased Tönnis grade.80,87 Individuals with higher Tönnis 
grades (2 and 3) have been shown to cause increased chondral damage as evaluated by 
MRI with a higher reversion to total hip arthroplasty following arthroscopic surgery than 
individuals with mild osteoarthritis.43  Larger labral tears have also been shown in 
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individuals with higher Tönnis grades, specifically in females with diagnosed coxa 
vara.88 
 
2.3.2 Comprehensive Clinical Examination  
 A comprehensive clinical examination should be combined with a standard set of 
plain radiographs and high-resolution MRI study to accurately assess for non-arthritic hip 
pain.66-68  A comprehensive clinical exam should include a directed and thorough patient 
history (section 2.3.2.1) and physical examination (section 2.3.2.2) based on the best 
current evidence available.  
 
2.3.2.1 History 
 Prior to the physical examination, a subjective history should be obtained in order 
to provide detail on the individuals pathological condition.67  This detailed, patient 
history should begin with patient demographics, the date of onset, the presence or 
absence of trauma, location of pain, mechanism of injury, reporting of mechanical 
symptoms (snapping, clicking, popping) in the hip, and current functional limitations.13,89  
The individuals history of recreational and sports-related activities can help define the 
type of injury as well as establish realistic goals and expectations following treatment.89  
Other commonly utilized questions that provide needed information for the clinician are: 
previous consultations (with the treating and/or other healthcare providers), past 
orthopaedic surgical interventions (contra-lateral hip/ ipsilateral hip and lower extremity), 
previous orthopaedic injuries, prior physical therapy or rehabilitation interventions, and 
the presence of childhood hip disease, osteoarthritis, and risk factors related to 
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osteonecrosis.13,67,89  The history of pain and trauma should be established to aid in the 
determination of intra-articular versus extra-articular pathologies as well as identify 
possible differential diagnoses that may be related to the trunk, spine, pelvis, and lower 
extremities.13,67,89  Quantification of hip pain, daily and sports-related function, and 
severity of symptoms should be addressed through the use of outcome measures.89,90  The 
specific use of PRO’s in the evaluation of non-arthritic hip pain will be discussed in 
section 2.3.2.2.3.1. 
 
2.3.2.2 Physical Examination  
 Following the subjective history, a physical examination should be performed as 
quickly and efficiently as possible to establish pathology associated with the hip, pelvis, 
trunk, abdominal, neurovascular, and neurologic systems.89  Individuals should be in 
loose fitting clothes for proper evaluation of the lower extremity. Several studies 
recommend that a standardized procedure should be incorporated for an efficient 
evaluation including an examination beginning in the standing position followed by 
sitting, supine, lateral, and prone testing.13,67,89,91  Evaluation tools utilized in these 
positions include impairment measures, special testing, and functional measures.89 
 
2.3.2.2.1 Impairment Measures 
 Individuals with bony abnormalities that cause symptomatic chondrolabral lesions 
commonly report pain in the groin or anterior hip, however symptoms can also be present 
in the lateral or posterior hip region.25,31  Pain is often associated with mechanical 
symptoms such as catching, clicking, locking, and/or an unstable feeling in the hip 
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joint.19,25  A decrease in hip flexion, adduction, abduction, and internal rotation are the 
most consistently reported limitations in patients with chondrolabral pathologies.25,31 
Significant muscle weakness with hip flexion, abduction, adduction, and external rotation 
has been shown in individuals with non-arthritic hip pain in comparison to healthy 
controls.16,33,35  Healthcare providers evaluate non-arthritic hip pain by utilizing specific 
impairment measures to assess the extent of injury caused by the bony abnormality and 
associated chondrolabral pathology.92,93  These impairment measures should include 
visual observation, palpation, ROM, and strength testing.13,67,89,91 
 The examination in standing should begin with a general assessment of the 
individuals overall appearance, body composition, mood, posture, and gait.67  Gait should 
be assessed for specific limitations associated with antalgic gait (shortened stride length 
on affected side), Trendelenburg gait (abductor stagger), excessive internal or external 
rotation at the hip, pelvic tilt or rotation, decreased stride length, and an abnormal foot 
progression.67,89  Hypermobility of other joints should be assessed in the standing 
position if there is a concern for dysplasia of the hip.67   
 The examination in the seated position assesses the vascular and neurological 
integrity of the lower extremity through the evaluation of pulse, sensation, motor control, 
and deep tendon reflexes.89  Range of motion for hip flexion, internal and external 
rotation, abduction, and adduction can be evaluated first in the seated position before 
evaluating in the supine exam position.67,89  
 The examination in supine should begin with visual observation of the lower 
extremity for leg length discrepancy, quadriceps atrophy, and pelvic obliquity.67,89  
Anterior capsule laxity and hip retroversion can be evaluated by the amount of hip 
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external rotation (toe out) an individual has in a relaxed, supine position.13,67  Palpation of 
the hip and surrounding structures is primarily used for extra-articular symptoms 
including abdominal soreness, hip flexor tendinosis, hip abductor and adductor soreness, 
and “C” sign soreness for trochanteric pain.67,89  Palpation of surrounding bony 
landmarks including the anterior superior iliac spine, pubic symphysis, and ischial 
tuberosity should be performed as well.67,89  Range of motion for hip forward flexion, 
internal and external rotation (with the hip and knee flexed at 90°), abduction, and 
adduction can be evaluated in the supine position.50  Individuals with non-arthritic hip 
pain commonly have limitations in hip flexion, abduction, and external and internal 
rotation range of motion.13 
 The examination in the lateral position begins with further palpation of the 
sacroiliac joint, abductors, iliotibial band, and greater trochanteric regions.67,89 Irritation 
to the trochanteric bursa and the gluteus medius/minimus can often be associated with 
intra-articular conditions of the hip.89 Abductor strength can be evaluated by resisted 
abduction and extension of the hip in the side-lying position.89  
 The examination in the prone position should begin with palpation at the ischial 
tuberosity to evaluate the insertion of the proximal hamstring tendons.67  The sacroiliac 
joint, lumbar spine, and greater trochanter should also be evaluated for point 
tenderness.67,89  Gluteus maximus and hamstring strength can be evaluated in the prone 
position with palpation of tendons during resisted hip extension to evaluate for 
contracture.67  Internal and external rotation can also be evaluated in the prone position 
with the knee bent to 90°.  Excessive internal rotation can indicate increased femoral 
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anteversion while an excess of both internal and external rotation could indicate a 
dysplastic hip joint.67,89 A significant limitation in internal rotation can signify FAI.67  
 Eighty-one percent of individuals with surgically confirmed non-arthritic hip pain 
have reported groin pain as the most common clinical presentation of symptoms.67,94  
Limitations in flexion-internal rotation have been shown sensitive (96%) in the diagnosis 
of non-arthritic hip pain, specifically FAI.67,95 Several clinical examination measures 
have been shown to have strong evidence for use in identifying individuals with hip 
osteoarthritis compared to those with non-arthritic hip pain.80  Impairment and mobility 
deficits that will help distinguish arthritic hip pain from non-arthritic hip pain include: 
individuals over the age of 50 with moderate anterior or lateral hip pain during weight-
bearing activities;87 morning stiffness that lasts less than 1 hour in duration after waking 
up;87 hip internal rotation range of motion less than 24° or internal rotation and hip 
flexion 15° less than the nonpainful side;96,97 and/or increased hip pain associated with 
passive hip internal rotation.87 
 
2.3.2.2.2 Special Testing 
 While limitations in hip ROM are common in individuals with non-arthritic hip 
pain, increased pelvic and lumbosacral motions can compensate for these limitations 
during strength testing and in turn cause further pathomechanical issues.19  Orthopaedic 
special tests are often utilized to isolate specific structures during the evaluation process 
in order to assess for specific pathologies.98  Several special testing techniques should be 
used when evaluating individuals for non-arthritic hip pain in order to provide critical, 
objective feedback on the diagnostic condition.98  These special tests should be utilized in 
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all patient positions and incorporate techniques to confirm as well as rule out conditions 
related to non-arthritic hip pain.67,98 
 Special testing should begin during the standing examination with the 
Trendelenburg sign.  This test is evaluated to rule out osteoarthritic and gluteal 
tendinopathies, by assessing contralateral hip and pelvis alignment of individuals in a 
single leg stance bilaterally for 30 seconds.91  Functional performance testing is a 
measure utilized to assess movement in weight bearing.13,91,99  The specific use of 
functional performance testing in the evaluation of non-arthritic hip pain will be 
discussed in section 2.3.2.2.2.3.2. 
 Special testing in the supine position includes a log roll test to evaluate the 
bilateral comparison of hip external rotation.  Increased external rotation on one side can 
indicate an incompetent iliofemoral ligament or structural instability.67  The flexion, 
abduction, external rotation test (FABER) is commonly used to differentiate for pain 
between hip (posterior FAI, ligament integrity, trochanteric pain) and sacroiliac 
pathologies.67,89 The flexion, internal rotation, and adduction (FADDIR) test evaluates for 
anterior rim FAI, with a significant decrease in internal rotation demonstrating increased 
severity of cam impingement.67,91 The dynamic internal rotatory impingement (DIRI) and 
dynamic external rotatory impingement (DEXRI) tests are used to assess for anterior 
femoroacetabular impingement and superolateral and posterior impingement, 
respectively.89  The resisted straight leg raise (RSLR) is performed against resistance at 
45° of hip flexion and a positive is indicative of hip flexor or capsular irritation.67  The 
dial test can be performed to evaluate capsular laxity in the hip67 while the posterior 
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impingement test assesses the congruence of the posterior wall and femoral neck as well 
as anterior instability with a positive apprehension sign.89  
 Special testing in the lateral position should begin with a modified Ober’s test for 
passive adduction can be performed to evaluate for gluteus and tensor fascia latae 
contractures.67 The FADDIR test can be dynamically utilized in this position to evaluate 
for FAI.89  The lateral rim impingement is utilized to passively abduct and externally 
rotate the hip for evaluation of anterior instability or posterior impingement.89  An 
apprehension test is also utilized in the lateral position to force the hip into an antero-
inferior position to test for capsular instability and ligamentum teres pathology.89 
 The diagnostic accuracy for special tests utilized in the evaluation of non-arthritic 
hip pain has not been thoroughly established in the current literature.67,100  Several tests 
are commonly performed, however only a few have shown evidence for reliability and 
validity in the evaluation of individuals with FAI and/or chondrolabral pathologies.67  
Specifically, the FADDIR test (anterior impingement test) demonstrated moderate to high 
sensitivity (0.59-1.0)95,100-106, but a broad range for specificity (0.10-1.0)100,101,106 in 
diagnosing intra-articular hip pathologies.  The FABER test also demonstrated moderate 
to high sensitivity (0.41-0.97)100,101,103,105-107 and a broad range for specificity (0.18-
1.0)101,106,107 in identifying FAI and chondrolabral pathologies.  The RSLR demonstrated 
a broad range for both sensitivity (0.06-0.75)103,106,107 and specificity (0.38-1.0)106,107  in 
the evaluation of non-arthritic hip pain.  The DIRI test (referred to here as the internal 
rotation over pressure test) was also shown to be sensitive (0.88-0.91) in the diagnosis of 
individuals with FAI.107,108  While these tests have been shown to successfully assess for 
non-arthritic hip pain, a recent systematic review found that not all individuals with intra-
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articular hip conditions report any symptoms.63  Structural deformities and chondrolabral 
pathologies may not be the only influences on pain in individuals with non-arthritic, 
intra-articular hip conditions.32  Neuromuscular deficiencies in the surrounding hip 
musculature could lead to joint instability and excessive motion causing chondrolabral 
pathologies sustained over time.23,32,64  
    Several functional performance tests have evidence for reliability and validity in 
distinguishing individuals with osteoarthritis from those with non-arthritic hip pain.80 
These functional performance measures include: the 30-second chair stand (ICC = 0.88, a 
standardized error of measurement (SEM) = 1.5);109 timed single-leg stance for inter-rater 
(ICC = 0.89, SEM = 3.46) and intra-rater (ICC = 0.82, SEM = 4.62) reliability;110 4-
square step test for inter-rater (ICC = 0.86, SEM = 0.77) and intra-rater (ICC = 0.83, 
SEM = 0.86) reliability;110 and the step test for inter-tester (ICC = 0.94, SEM = 1.06) and 
intra-rater (ICC = 0.91, SEM = 1.37) reliability for standing on the side of the painful 
hip.110 
 
2.3.2.2.3 Functional Measures 
 Adaptations to pathomechanical deficiencies can lead to functional limitations 
during daily and sports-related activities, diminished strength in the musculature of the 
hip, and impaired kinematic and kinetic movements during weight-bearing activities.31,32  
Individuals have shown altered balance and proprioceptive control during dynamic 
movements associated with functional control.16,33,34 The effects of these changes to 
function should be assessed in the comprehensive clinical evaluation for individuals with 
non-arthritic hip pain. Assessments should examine all aspects of the individual’s 
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capabilities to provide a thorough determination of present function as well as assess and 
treat all individuals within their own setting of function regardless of injury.2,111  In order 
to do so, clinicians should integrate an evaluation process that incorporates several 
measures of function to accurately assess for neuromuscular limitations and 
dysfunction.38,99  Two clinical measures of function that are commonly recommended for 
use in evaluation of non-arthritic hip pain are PRO’s and functional performance testing.  
The combined use of PRO’s and functional performance testing in the assessment of 
function is recommended to properly evaluate each individual’s perceived levels of 
dysfunction as well as their actual functional performance limitations.99,112    
 
2.3.2.2.3.1 Patient-Reported Outcomes  
 Patient-reported outcomes are clinical measures utilized by healthcare providers 
to collect an individual’s perception of symptoms, their self-reported functional 
limitations, health-related quality of life, and satisfaction levels relating to quality of 
care.113  Patient-reported outcomes used in the assessment of function must be based on 
high quality research that establishes appropriate measurement properties.113,114  The use 
of PRO’s in the evaluation of non-arthritic hip pain should incorporate both hip specific 
outcome measures as well as generic outcome measures that assess pain and quality of 
life.115  Patient-reported outcomes should be included in the initial assessment as well as 
all follow-up evaluations to monitor any change in functional deficiencies and/or 
limitations.13  The PROs used in this study will include the following: 1) VAS 2) HOS-
ADL, 3) HOS-SRA, 4) % - ADL, 5) % - SRA, 6) categorical rating of function, and 7) 
patient satisfaction. 
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2.3.2.2.3.1.1 Visual Analog Scale  
 Most PRO’s utilized in the assessment of non-arthritic hip pain do not assess for 
pain.116  The most commonly used PRO for evaluation of pain is the VAS which can also 
be referenced as the numeric pain rating scale.  This is an 11-point scale that is evaluated 
from 0 to 10, with 0 being no pain and 10 being the worst imaginable pain.116,117  The 
VAS has been shown to be a reliable and valid psychometric response scale for pain in 
patients with spine fractures and dislocations118 and is increasingly being used to assess 
for outcomes after hip arthroscopy.  High test-retest reliability was shown with a strong 
correlation coefficient of 0.976 (p<0.001), and validity was demonstrated with a high 
internal consistency (Cronbach-α of 0.9117) between healthy controls and individuals 
with thoracolumbar spine injuries.118  Responsiveness of testing for the VAS score was 
shown with minimal clinically important differences (MCID) values of 1.4 and 2.4 for 
individuals treated for rotator cuff disease of the shoulder after 6 weeks of non-operative 
care and in individuals with chronic low back pain, respectively.119,120  
 
2.3.2.2.3.1.2 Hip Outcome Score  
 The HOS is a commonly used self-reported outcome measurement that accounts 
for limitations in activities of daily living (HOS-ADL) and sports-related activities (HOS-
SRA).  The HOS-ADL subscale contains 17 items that addresses function as it relates to 
routine activities that individuals participate on a normal, everyday basis, while the HOS-
SRA contains 9 questions that are specific to their chosen athletic activities.121-124  Each 
question is scored on a scale from 0 to 4, with 0 being “unable to do”, 1 being “extreme 
difficulty,” 2 being “moderate difficulty,” 3 being “slight difficulty,” and 4 being “no 
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difficulty at all.”121,124  There is also a “non-applicable” option that is available for each 
question but not included when quantifying the scores.121-124  An individual’s score for 
both the HOS-ADL and HOS-SRA is divided by the highest possible score then 
multiplied by 100 to get a percentage.7,122,124  An individual’s highest possible score is the 
total number of questions with a response, excluding blanks or “non-applicable” 
submissions, multiplied by 4. 7,122  The higher the score, the higher an individual’s level 
of function is assessed for each subscale.7,121-124      
 The HOS has been shown to have high reliability and responsiveness of testing as 
well as a high correlation to measures of physical function in individuals with acetabular 
labral tears who are undergoing operative or non-operative management.121-123  The HOS 
was also shown to demonstrate test-retest reliability, internal consistency, construct 
validity, responsiveness, lack of floor/ceiling effect, and an appropriate measure 
individuals with FAI and labral pathologies.125  Test-retest reliability for the HOS-ADL 
and HOS-SRA were defined by ICC values of 0.98 and 0.92, respectively.122 Validity 
was shown through internal consistency for the HOS-ADL (α-value = .96, SEM of 2.8 
and a 90% CI of ± 4.6 points) and HOS-SRA (α-value = .95, an SEM of 2.3 and a 90% 
CI of ± 3.8).121  Convergent and divergent validity was demonstrated through correlation 
coefficients between both the HOS-ADL and HOS-SRA and the Short Form-36 physical 
function subscale, physical component summary score, mental health subscale, and 
mental component summary score.121  These correlations were 0.76, 0.74, 0.27, and 0.18 
for the HOS-ADL and 0.72, 0.68, 0.23, and 0.1 for the HOS-SRA, respectively.121  
Responsiveness was shown with large effect sizes126 for the HOS-ADL and HOS-SRA as 
1.2 and 1.5, respectively.122 The area under the receiver operating curves (ROC) for the 
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HOS-ADL and HOS-SRA were shown as 0.88 (95% confidence interval [CI], 0.80 to 
0.95) and 0.90 (95% CI, 0.83 to 0.97), respectively.122 From the area under the ROC 
curves the HOS-ADL was determined to have an MCID value of 9 points and was shown 
to have a sensitivity of 0.82 and specificity of 0.89, while HOS-SRA demonstrated an 
MCID value of 6 points with a sensitivity of 0.85 and specificity of 0.87.122   
 
2.3.2.2.3.1.3 Generic Ratings of Function 
 Along with the HOS-ADL and HOS-SRA subscales, individuals completing the 
HOS are asked to generically rate their current level of function. This includes asking an 
individual to globally rate their percentage for performance of activities of daily living 
(% - ADL) on a scale from 0-100, with 100 being their level of function prior to their hip 
problem and 0 being the inability to perform any of their usual daily activities.122,124  
Individuals can also globally rate their percentage for performance of sports-related 
activities (% - SRA) on a scale from 0-100, with 100 being their level of function prior to 
their hip problem and 0 being the inability to perform any of their usual sports-related 
activities.122,124  Generic rating of function can also include a categorical rating of 
function as “normal,” “nearly normal,” “abnormal,” or “severely abnormal.”122,123  
Although the quantification for global percentage of function and the categorical rating of 
function are commonly performed in the clinical setting, information regarding their 
psychometric properties are not currently available.  
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2.3.2.2.3.1.4 Patient Satisfaction 
 Another commonly used PRO measure is the assessment of patient satisfaction 
with treatment outcome.  It is commonly measured separately as a response of “yes” or 
“no” or on a 11-point scale of 0 - 10, with 0 being not satisfied and 10 being completely 
satisfied.116  Patient satisfaction should be included in all clinical evaluations, particularly 
with the recent emphasis on reporting patient’s perspectives on improvements in their 
overall quality of life.115,127  Pearson correlation coefficients have been shown as 
significant between patient satisfaction and VAS outcomes with changes in the HOS-
ADL (patient satisfaction = 0.45 and VAS = 0.49) and HOS-SRA (patient satisfaction = 
0.42 and VAS = 0.46) commonly used in the evaluation of hip arthroscopic surgery.116 
This significant, moderate correlation suggests that the inclusion of patient satisfaction 
along with the administration of the HOS-ADL and HOS-SRA could add to the overall 
assessment of non-arthritic hip pain. 
 
2.3.2.2.3.2 Functional Performance Testing 
 Functional performance testing is a collection of tests that are utilized to 
determine the performance abilities and/or functional limitations of the individual being 
tested.37  Reiman and Manske37 defined functional performance testing as the ability to 
determine 1) an individual’s ability to participate at their desired level without limitations 
and 2) that individual’s ability to do so in all three planes of movement (frontal, sagittal, 
and transverse) as determined by non-traditional tests.37,99  These functional performance 
tests are used to evaluate basic dynamic movement patterns that are commonly part of a 
more complex activity and combine range of motion, flexibility, balance, proprioception, 
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motor control, and muscle strength, power, and endurance.2,37,38  The use of these tests 
are beneficial in sports medicine to screen for injury prevention, evaluate athletic injuries, 
and help in return-to-play decisions.1-3  The use of functional performance testing in the 
clinical setting can provide healthcare professionals with quantitative and qualitative 
feedback for individualized movement control.37,38,99  
 Functional performance testing should be utilized with the goal of recognizing 
any fundamental musculoskeletal limitations present that might predispose an individual 
to injury.1  An individual’s physical performance during multi-dimensional dynamic 
movements can be defined as their functional movement control.  Screening functional 
movement control throughout the kinetic chain while emphasizing lower-extremity force 
characteristics, specifically eccentric loading should be targeted.37,38,99  Functional 
performance testing should be utilized to evaluate the functional movement control of 
individuals with non-arthritic hip pain, despite a lack of quality assessment evidence.2,7,13  
The SLST and SDT are two well-known tests that have been used in the evaluation of 
individuals with lower extremity dysfunction, most commonly among patients with knee 
pathologies.128-137  However, these tests also account for several deviations in hip, pelvis, 
and trunk performance that are considered important when assessing individuals with hip 
pain. 16,17 A literature review that identifies and provides psychometric evidence to 
support the use of and the best methods for administration of SLST and SDT in 
evaluation of patients with non-arthritic hip pain is presented in Chapter 4. 
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2.3.2.2.4 Quality of Assessment 
 Healthcare providers should incorporate evidence-based practice, using 
assessment strategies and measures that have established psychometric properties 
whenever possible. The most appropriate assessment strategies and measures will 
therefore have evidence for validity, reliability, and responsiveness to support their use. 
 Reliability demonstrates the repeatability of measurement between single or 
multiple raters.  There are several ways to establish reliability including internal 
consistency, test-retest or intra-rater, and inter-rater reliability.113,138  Validity 
demonstrates the accuracy with which the phenomenon under observation is measured by 
a standard reference procedure or most commonly the recognized gold standard.113,138  
Validity establishes whether a measurement tool actually assesses what it proposes to 
measure.  There are several ways to establish validity including content, construct, and 
criterion validity.113  Responsiveness of testing is the ability of the measurement tool to 
detect clinically relevant changes in status of the underlying construct over time. 113,138  
This is commonly described as a longitudinal measure of validity that assesses 
correlations between changes in measures or expected differences in groups.113,138  
Responsiveness testing is commonly reported as MCID values, which are the smallest 
change in a measurement score of interest that patients perceive to be beneficial.120,139 
MCID’s are evaluated by either distribution-based methods that measure change alone or 
anchor-based methods that measure clinically meaningful change.120 Distribution-based 
methods utilize the SEM to demonstrate the statistical significance of the change scores 
in the measure.120 The anchor-method demonstrates the smallest difference in a 
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measurement instrument that relates to a corresponding change in a reference or gold-
standard measure.120  
 All aspects of the evaluation process for individuals with non-arthritic hip pain 
should be established in standardization and responsiveness.  While measures of 
assessment establish the foundation for the evaluative and diagnostic process,113 there is 
limited research evaluating the quality of functional performance testing in the evaluation 
of individuals with non-arthritic pain.  Specifically, there are no current studies 
establishing the use of the SLST and SDT in assessment of deficiencies in the hip and 
surrounding musculoskeletal structures.  Evidence for reliability and validity of the SLST 
and SDT in evaluating individuals with non-arthritic hip pain is presented in Chapter 5. 
 
2.4 Summary 
 Structural pathologies commonly associated with non-arthritic hip pain are FAI, 
dysplasia, and structural instability in the absence of moderate to severe degenerative 
joint disease. The most common cause of non-arthritic hip pain is chondrolabral 
pathologies, specifically labral tears and chondral lesions.  A comprehensive clinical 
examination consisting of a thorough history, physical exam, and diagnostic imaging 
protocol has been shown to accurately differentiate between osteoarthritic and non-
arthritic hip pain.  During the physical exam, the combined use of PRO’s and functional 
performance testing is necessary to properly evaluate for perceived levels of dysfunction 
as well as functional movement limitations.  By identifying deficiencies in neuromuscular 
control during functional performance testing, an individualized rehabilitation 
intervention could be utilized to improve muscular strength around the hip, decrease joint 
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instability, and improve proprioceptive control.  Through improvements in 
neuromuscular control of the surrounding hip structures, it may be possible to decrease 
intra-articular stresses and avoid the need for surgical correction. 
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Chapter 3 
Non-Operative Management of Individuals with Non-
Arthritic Hip Pain: A Literature Review 
Reprinted with permission from the International Journal of Sports Physical Therapy:  
McGovern RP, Martin RL, Kivlan BR, Christoforetti JJ. Non-Operative Management of 
Individuals with Non-Arthritic Hip Pain: A Literature Review. Int J Sports Phys Ther. 
February 2019; 14(1): 135-147. 
 
 
3.1 Abstract  
 
Background: Non-arthritic hip pain is defined as being related to pathologies of the intra-
articular structures of the hip that can be symptomatic.  A trial of non-operative 
management is commonly recommended before consideration of surgery for individuals 
with non-arthritic hip conditions.  There is a need to describe a non-operative or 
conservative treatment plan for individuals with non-arthritic hip pain. 
Purpose: The purpose of this literature review was to systematically examine the 
literature in order to identify and provide evidence for non-operative or conservative 
management of individuals with non-arthritic hip pain. A proposed home exercise 
program will be provided for individuals with non-arthritic hip pain. 
Study Design: Review of the Literature. 
Materials/Methods: A literature search of PubMed, Medline, SPORTSDiscus, and 
CINAHL was conducted.  Keywords included: “hip” AND “femoroacetabular 
impingement” OR “labral tear.”  Studies were included if they described non-operative 
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management for individuals with non-arthritic hip pain.  Studies were excluded if they 
recommended a trial of conservative treatment without specific management or 
interventions and/or activity modification without specific details for intervention. 
Results: A total of 49 studies met the eligibility criteria and were included in the review. 
Rehabilitation recommendations were identified from manuscripts including clinical 
trials, case series, discussion articles, or systematic reviews related to the non-operative 
or conservative management of non-arthritic hip pain. Rehabilitation interventions 
focused on patient education, activity modification, limitation of aggravating factors, an 
individualized physical therapy protocol, and use of a home exercise program. 
Conclusions:  Rehabilitation should address biomechanical deficiencies with 
neuromuscular training of the hip and lumbopelvic regions.  While the current literature 
on non-operative management is limited, future randomized control trials will establish 
the effectiveness of specific physical therapy protocols for individuals with non-arthritic 
hip pain.  
Level of Evidence: 2b 
Key Words: FAI, acetabular labral tears, dysplasia, structural instability, movement 
system 
 
3.2 Introduction 
 Non-arthritic hip pain is described as pathologies to the intra-articular structures 
of the hip that can cause pain including femoroacetabular impingement (FAI), dysplasia, 
structural instability, acetabular labral tears, chondral lesions, and ligamentum teres 
tears.7-9  These conditions primarily occur from microtrauma associated with dynamic 
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movement between the proximal femur and the acetabulum.7,140   When left unaddressed, 
FAI, dysplasia, and structural instability can lead to the progression of acetabular labral 
tears, chondropathy, and potentially osteoarthritic change.22,41,141-145  
Arthroscopic surgical procedures to address structural abnormalities, decrease 
pain, and improve function have significantly increased over the past decade.11,12,18,20,43  
However, a recent systematic review found that there is a high prevalence of structural 
deformities in asymptomatic individuals.63 Additionally, musculoskeletal impairments 
such as strength deficits associated with non-arthritic pathology are not necessarily 
addressed with surgery.32 Deficiencies in the surrounding hip region musculature may 
lead to joint instability and excessive motion contributing to structural damage, pain, and 
decreased function.23,32,64  It may be possible to decrease intra-articular stresses in the 
presence of structural abnormalities, through management of muscular deficiencies and 
avoid the need for surgical correction. An evaluation algorithm and treatment 
classification has been outlined to identify those with non-arthritic hip conditions that 
might benefit for a prioritized non-operative treatment program.67,89  
  A trial of non-operative management is commonly recommended before 
consideration of surgery, however specific interventions remain a point of controversy.  
Considering that not all individuals will benefit from surgical intervention and the 
possibility for management of extra-articular deficiencies to relieve symptoms, a non-
operative or conservative treatment plan needs to be described for non-arthritic hip pain.  
The purpose of this literature review was to systematically examine the literature in order 
to identify and provide evidence for non-operative or conservative management of 
individuals with non-arthritic hip pain. A proposed home exercise program will be 
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provided for individuals with non-arthritic hip pain. The information attained will assist 
clinicians in making treatment decisions based on the current standard of care for 
management of non-arthritic hip conditions.  
 
3.3 Methods 
 A search of the PubMed, Medline, SPORTSDiscus, and CINAHL databases was 
conducted to include articles from 1997 until July 2017.  Manuscripts were identified that 
presented clinical trials, case series, discussion articles, or systematic reviews for non-
operative or conservative management of non-arthritic hip pain.  The search excluded 
single series case reports, abstract-only publications, and editorial commentary.  The 
following key words were used in combination for searching the electronic databases: 
“hip” AND “femoroacetabular impingement” OR “labral tear.”  
 The literature search included research articles if they met the following criteria: 
1) written in English, 2) published in a peer-reviewed journal from 1997 until August 
2017, and 3) described non-operative or conservative management for individuals with 
non-arthritic hip pain.  Studies were excluded if they recommended a trial of conservative 
treatment without specific management or physical therapy interventions and/or activity 
modification to avoid extreme ranges of motion without specific details for intervention. 
The primary author reviewed the abstracts of all references retrieved from the search and 
duplicates were removed.  From this search, full length publications were retrieved, and 
the reference lists of these articles were reviewed for any additional relevant manuscripts.   
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3.4 Results 
 The initial search identified a total of 2,147 research articles.  After applying the 
inclusion/exclusion criteria and independent search of reference lists, a total of 49 studies 
met the eligibility criteria.  Overall, there were 35 articles addressing FAI, four articles 
addressing acetabular labral tears, one article addressing dysplasia or structural 
instability, and nine articles addressing a combination of FAI, acetabular labral tears, 
dysplasia, structural instability, chondral lesions, and/or ligamentum teres tears as shown 
in Figure 3.1.   
 Thirty-two of the articles were review and/or discussion studies, seven were 
experimental studies, and ten addressed feasibility (pilot studies) and protocol studies for 
future randomized controlled trials.  These articles were categorized  for level of evidence 
based on the 2009 guidelines from the Oxford Center of Evidence-Based Medicine.146  
Further evaluation of each article was performed for quality of evidence based on the 
established Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) system with classification of studies as: “high quality”, “moderate quality”, 
“low quality”, or “very low quality.”147 The discussion and review articles were 
principally constructed on expert opinion Level 5 evidence, with the systematic reviews 
utilizing Level 2a and 3a evidence in order to analyze the experimental studies performed 
on individuals with non-arthritic hip pain.146 The expert opinions established in these 
discussion and review articles were classified as “very low quality” due to the 
uncontrolled nature of clinical observations.147  
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Figure 3.1: Search results of the PubMed, Medline, SPORTSDiscus, and CINAHL 
databases 
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 Of the 32 review and discussion articles: 24 addressed FAI, three addressed 
acetabular labral tears, one addressed dysplasia or structural instability, and four 
addressed a combination of FAI, acetabular labral tears, and dysplasia or structural 
instability.  These articles provided comprehensive non-operative management 
recommendations, a synthesis of which is provided in Table 3.1.  Of the seven 
experimental studies: three addressed FAI and four addressed a combination of FAI, 
acetabular labral tears, dysplasia or structural instability, chondral lesions and/or 
ligamentum teres tears. Of these four were case series (three prospective and one 
retrospective), one was a prospective clinical outcomes study, one was a retrospective 
matched analysis study, and one a descriptive epidemiological study. Detailed 
descriptions of these studies are found in Table 3.2.   Of the 10 articles addressing future 
randomized controlled trials: eight were established for patients with symptomatic FAI 
and two were established for patients with intra-articular hip pain, including FAI, 
acetabular labral tears, and structural instability/dysplasia.  Details pertaining to the 
specific study design, methodology, and results for the six protocol studies and four 
feasibility studies are provided in Table 3.3.  No randomized control trials were 
identified. 
Therapeutic Interventions Number of Articles (out of 32) 
Hip musculature strengthening  22   
Pelvic stability/posture (pelvic inclination) 16   
Core muscle strengthening 14   
Neuromuscular training  13   
Hip muscular stretching/flexibility 12  
Manual therapy interventions 12   
Dynamic biomechanical control  10  
Gait training 4   
 
Table 3.1: Recommended therapeutic interventions from review and discussion articles. 
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 Rehabilitation interventions throughout the identified studies including patient 
education, activity modification, limitation of aggravating factors, performance of an 
individualized physical therapy protocol, and performance of a home exercise program, 
have been shown to decrease pain and improve function in patients with non-arthritic hip 
pain.  Interventions should focus on addressing neuromuscular deficits with rehabilitation 
of the hip and lumbopelvic regions. Exercise suggestions gleaned from the included 
studies were used to generate a proposed home exercise program for individuals with 
non-arthritic hip pain in Appendix A.148
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Study Type of 
Study 
(quality of 
study)*  
Number of 
Patients  
Age of 
Patients 
mean ± 
SD, 
(range) 
Diagnosis  Non-Operative 
Management  
Outcome 
Emara et 
al. 2011 
Prospective 
case series 
(Low) 
37 
 
33 ± 5, 
(23-47) 
FAI – cam 
morphology 
4 Stages:  
1. Avoidance of 
excessive 
physical 
activity and 
NSAIDs for 2-
4 wk during 
the acute 
attack. 
2. Physiotherapy 
for 2-3 weeks. 
Stretching 
exercises (20-
30 min daily) 
to improve hip 
ER and ABD 
in EXT and 
FLEX, and to 
avoid the “W” 
sitting 
position. 
3. Assessment of 
the normal 
range of hip IR 
and FLEX 
after acute pain 
subsided. 
4. Modification 
of activities of 
daily living 
predisposing to 
FAI. 
33 patients treated 
nonoperatively 
showed 
improvement: 
 Mean HHS 
improved 
significantly 
from 72 
before 
treatment to 
91 at the 6-
month 
follow-up 
and 91 at 
the 24-
month 
follow-up. 
 The mean 
non-arthritic 
hip scores 
improved 
from 72 to 
90 to 91.  
 Mean VAS 
for hip pain 
improved 
from 6 to 3 
to 2.  
4 required surgery 
following 
nonoperative 
management. 
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Feeley et 
al. 2008 
Descriptive 
epidemiology 
study – NFL 
athletes 
(Very Low) 
678 athletes 
(738 
injuries) 
13 FAI and 
LT 
(8 non-op, 5 
surgically) 
Not 
defined  
 
FAI and LT 
 
Not defined 8 players returned to 
playing after physical 
therapy. 
 
Hunt et 
al. 2012 
Prospective 
observational 
clinical 
outcomes 
study (Low) 
52 (6 lost to 
follow-up 
from 58) 
35 ± 11, 
(18–50) 
Pre-arthritic, 
intra-
articular hip 
disorders 
(FAI, LT, 
dysplasia) 
 
32 subjects 
with only 
LT, 8 
subjects 
with mild 
hip 
dysplasia, 
and 18 
subjects 
with mild 
FAI 
Goals of therapy: 
1. Improve 
precision of 
hip motion 
2. Prevent hip 
hyperextension 
with active or 
passive motion  
3. Prevent 
rotation of 
acetabulum on 
femur under 
load 
4. Prevent 
dominance of 
quadriceps 
and/or 
hamstrings 
5. Improve 
performance of 
abdominal 
muscles and 
hip flexors, 
abductors, and 
short external 
rotators  
6. Muscle 
retraining 
during active 
motions and 
After 3 months of 
conservative care, 
subjects with 
continued limitations, 
reduction of 
symptoms with a 
diagnostic intra-
articular hip 
injection, and a 
surgically amenable 
lesion found on a 
magnetic resonance 
arthrogram 
proceeded to surgery. 
 
23 subjects reported 
satisfaction with 
conservative care. 29 
subjects chose to 
have surgery. Both 
groups demonstrated 
equally significant 
improvement in all 
outcome measures 
from baseline to 1-
year follow-up.  
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sustained 
postures 
7. Education on 
day-to-day 
activity 
modification. 
Perform home exercise 
program which was not 
defined. 
Jager et 
al. 2004 
Prospective 
case series 
(Very Low) 
17 
(9 treated 
non-
operatively, 
6 FAI 
surgery, 2 
arthroplasty) 
33.6 
±14.4  
(14-60) 
 
FAI – cam 
morphology 
Not defined 9 non-operative 
patients complained 
of pain and hip 
dysfunction. 
 
8 surgical patients 
were pain free. 
Reynolds 
et al. 
1999 
Retrospective 
case series 
(Very Low) 
22 (11 non-
operatively, 
11 
surgically) 
28 ± 10, 
(15-50) 
FAI – pincer 
morphology  
Not defined Not defined. Proper 
diagnosis could allow 
patients to modify 
activities and posture 
to decrease 
symptoms and 
possibly alleviate 
problems related to 
FAI. 
Spencer-
Gardner 
et al. 
2017 
Retrospective 
matched 
paired 
analysis 
(Low) 
72 (36 
waitlisted, 
non-
operative & 
36 
operative) 
Non-
operative: 
40 (18-
58) 
 
Operative: 
40 (18-
58) 
Intra-
articular 
pathologies  
(FAI, LT- 
cam 
morphology, 
chondral 
lesion, 
ligamentum 
teres tear) 
All patients in both 
groups had undertaken 
at least 3-month’s 
conservative treatment, 
including community 
physiotherapy, before 
being considered for 
surgery, and 
had failed to improve 
with that treatment. 
 
HA may lead to 
significant 
improvements when 
compared to non-
operative 
management of 
waitlisted patients 
with intra-articular 
pathology of the hip 
at 18-month follow-
up. 
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There was no additional 
management provided 
to the non-operative 
group following initial 
3-month conservative 
care. 
Yazbek 
et al. 
2011 
Prospective 
case series 
(Low) 
4 24.8 ± 1.5 
(24 -27) 
1 FAI –  
pincer 
morphology; 
1 LT; 1 LT, 
chondral 
lesion; 1 LT, 
partial 
ligamentum 
teres tear  
 
3 phases: 
1. Emphasized pain 
control, education 
in trunk 
stabilization, and 
correction of 
abnormal joint 
movement.  
2. Focused on 
muscular 
strengthening, 
recovery of normal 
range of motion 
(ROM), and 
initiation of 
sensory motor 
training.  
3. Emphasized 
advanced sensory 
motor training, 
with sport-specific 
functional 
progression.  
All patients 
demonstrated 
decreased pain, 
functional 
improvement, and 
correction of 
muscular imbalance. 
 
Increased muscle 
strength for the hip 
flexors (1%-39%), 
abductors (18%-
56%), and extensors 
(68%-139%) was 
shown. 
M – male; F – female; FAI – femoroacetabular impingement; ER – external rotation; ABD – abduction; EXT – Extension; 
FLEX – flexion; IR – internal rotation; HHS – harris hip score; VAS – visual analog scale; LT – acetabular labral tear; CT - 
computed tomographic; BMI – body mass index; HA – hip arthroscopy; * - Quality of evidence based on the GRADE 
classification system. 
 
Table 3.2: Experimental studies for conservative management of individuals with non-arthritic hip pain. 
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Study Type 
of 
Study 
Number of 
Patients 
(population) 
Diagnosi
s 
Proposed, 
Randomized 
Group 
Comparison 
Results Outcome 
Boye 
et al. 
2015 
Feasibi
lity 
(pilot 
study) 
75 (53 and 22 
from two 
separate 
orthopaedic 
centers)  
FAI Arthroscopic 
surgery vs. non-
surgical 
management 
28% indicated absolute 
willingness to participate in the 
trial.  
40% were probably willing or 
unsure. 
32% were not willing.  
18.7% had a strong preference 
for surgery. 
2.7% strongly preferred 
nonsurgical treatment. 
78.6% no strong preference for 
either. 
Sufficient 
patient accrual 
for a 
randomized 
trial of FAI 
treatment is 
currently 
feasible while 
equipoise still 
exists among 
patients and 
surgeons. 
Coppa
ck et 
al. 
2016 
Protoc
ol 
100 (male 
military 
participants) 
Intra-
articular 
non-
arthritic 
hip pain 
7-day residential 
(in-patient) 
intervention vs. 8 
PT led, out-
patient 
treatments (over 
6 weeks) 
combined with 
home exercise 
program  
Hypothesis: A 7-day 
multidisciplinary residential 
intervention will result in 
greater improvement in 
treatment outcomes compared 
to individualized outpatient 
treatment in young adults. 
Presents the 
protocol for a 
RCT that will 
compare the 
effects of a 
residential 
intervention 
with 
conventional 
outpatient care 
on pain and 
physical 
function in 
young patients 
with non-
arthritic hip 
pain. 
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Griffin 
et al. 
2016 
(1) 
Feasibi
lity 
(pilot 
study)  
42 out of 60 
eligible (from 
9 hospital 
centers) 
 
Identified 120 
surgeons, 
1908 patients 
with FAI 
treated in 
2011-2012 
throughout 
UK NHS 
FAI Arthroscopic 
surgery vs. 
conservative care 
-84 diagnostic and recruitment 
consultations in 60 patients 
were used to develop a model 
for an optimal recruitment 
consultation.  
-The International Hip 
Outcome Tool (iHOT) at 12 
months was identified as an 
appropriate outcome measure. 
-Estimated the sample size 344 
participants (from 25 centers/18 
months). 
-It is feasible to 
obtain ethics 
approval for 
this research 
question and to 
obtain support 
from a variety 
of hospitals.  
-Clinicians 
were prepared 
to take part, 
with surgeons 
agreeing to 
follow a 
defined 
operative 
protocol, and 
physiotherapist
s attending a 
training 
workshop and 
agreeing to 
deliver physical 
therapy 
protocol. 
Griffin 
et al. 
2016 
(2) 
Protoc
ol 
 
344 (over a 
26-month 
recruitment 
period in 24 
hospital 
centers) 
FAI Arthroscopic 
surgery vs. 
conservative care 
(clinical and cost 
effectiveness) 
Hypothesis: 
Arthroscopic surgery is 
superior to conservative care at 
12 months for self-reported hip 
pain and function for patients 
with FAI syndrome. 
Primary 
Outcome: Pain 
and function 
assessed by 
iHOT-33 
measured at 1-
year. 
Secondary 
outcomes: 
General health 
(SF-12), 
quality of life 
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(EQ5D-5L) & 
pt. satisfaction. 
Harris-
Hayes 
et al. 
2016 
Feasibi
lity 
(pilot 
study) 
35 (18 
treatment, 17 
control from 
Washington 
University) 
Chronic 
hip joint 
pain 
(intra-
articular 
non-
arthritic 
hip pain) 
-Movement 
pattern training 
(MPT) vs. wait-
list control (no 
treatment) 
-MPT: Six, 1-
hour supervised 
sessions for task 
specific training 
for functional 
tasks and 
symptom 
provoking tasks. 
Strengthening of 
hip. Daily home 
program. 
-Retention rates did not 
significantly differ between 
MPT (89%) and control groups 
(94%).  
-16/18 patients (89%) in the 
MPT group attended at least 
80% of the treatment sessions 
and reported performing their 
home program at least once per 
day.  
 
 
Primary 
Outcomes: 
Retention and 
adherence rates 
show that a 
larger RCT is 
warranted to 
assess 
treatment 
effects. 
Secondary 
Outcomes: 
PRO’s, 
kinematics, and 
muscle strength 
will be utilized 
in the proposed 
RCT. 
Manse
ll et al. 
2016 
Protoc
ol 
80 (from 
Madigan 
Army Medical 
Center over 2 
years) 
 
All 80 surgical 
candidates 
who have 
failed 6 weeks 
ofnon-op care. 
FAI 
(with 
and 
without 
LT 
tears) 
-Arthroscopic 
surgical 
decompression 
vs. non-surgical 
rehabilitation 
-Rehabilitation 
will follow 
impairment 
based physical 
therapy program 
consisting of 2x 
per week for 6 
weeks. 
Primary Purpose: Determine 
if there is a difference in self-
reported functional outcomes 
between arthroscopic surgery 
and a supervised physical 
therapy program 2 years out 
from intervention. 
Secondary Purpose: Evaluate 
the differences in hip-related 
healthcare utilization and 
associated costs. 
Primary 
Outcome: 
HOS. 
Secondary 
Outcomes: 
IHOT-33, 
GROC, and 
NPRS. Self-
Motivation 
Inventory and 
Pain 
Catastrophizing 
Scale will be 
taken at 
baseline and 24 
months. Collect 
healthcare 
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utilization and 
associated costs 
that occurred 
for the duration 
of the study, 
and compare. 
Palmer 
et al. 
2014 
Protoc
ol 
120 (over 24 
months from 
NHS clinics in 
at least 3 
hospitals)  
FAI Surgical 
management vs. 
non-surgical 
management 
 
Rehabilitation 
will follow a 
goal-based 
program with up 
to 8 sessions over 
5 months. 
Primary Objective: Determine 
whether arthroscopic surgery or 
PT and activity modification is 
more effective in improving 
symptoms and preventing the 
development and progression of 
osteoarthritis in patients with 
symptomatic FAI.  
Secondary Objective: 
Compare cost effectiveness of 
physiotherapy and activity 
modification with arthroscopic 
surgery. 
Primary 
Outcomes: 
Improvement 
of symptoms: 
HOS with ADL 
and sports 
subscales. 
Prevention of 
osteoarthritis: 
radiographic 
with 3-year 
follow-up. 
 
Secondary 
Outcome: 
Improvement 
of symptoms: 
NAHS, iHOT-
33, HAGOS, 
OHS, and 
HADS. 
 
Smeat
ham et 
al. 
2017 
Feasibi
lity 
(pilot 
study)  
23 out of 30 
eligible (from 
a single NHS 
acute hospital 
in Devon, 
England) 
FAI -PT vs. routine 
care  
-PT is 3-months 
of specialist 
physiotherapist 
led care.  
-Routine is 
analgesia and 
continuation of 
-NAHS for the intervention 
group was 12.7 and 1.8 in the 
control group. Median change 
in LEFS was 11.5 vs. −1.0 in 
control group. 
-Improvement in LEFS was 
beyond minimal clinically 
important difference in the 
intervention group.  
Main 
Outcomes:  
Conservative 
treatment can 
change 
symptoms of 
FAI even in the 
presence of 
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FAI – femoroacetabular impingement; UK – United Kingdom; NHS – National Health Service; iHOT – International 
Hip Outcome Tool; iHOT-33 - International Hip Outcome Tool 33; RCT – randomized control trial; PRO’s – patient 
reported outcomes; LT – acetabular labral tears; HOS – Hip Outcome Score; GROC – Global rating of change ; 
self-management 
advice. 
-Pain scores improved in both 
groups. 
structural 
abnormalities. 
Wall 
et al. 
2016 
(3) 
Final 
Protoc
ol 
(Perso
nalized 
Hip 
Therap
y, 
PHT) 
 
13 (from 21 
randomized 
out of 42) 
FAI Protocol for the 
non-operative 
group in the UK 
FASHIoN trial. 
Rehabilitation led by 
physiotherapist:  
(1) Detailed patient 
assessment 
(2) Education and advice 
(3) Help with pain relief  
(4) Individualized 
exercise program. 
PHT is delivered over 12–26 
weeks in 6–10 physiotherapist 
and patient contacts. Home 
exercise program. 
Main 
Outcome: PHT 
provides a 
structure for 
the non-
operative 
care of FAI and 
offers guidance 
to clinicians 
and 
researchers. 
 
 
Wright 
et al. 
2016 
Feasibi
lity 
(pilot 
study) 
15 out of 18 
eligible (from 
a single 
surgeon 
practice from 
the 
Department of 
Orthopaedic 
Surgery, 
Wake Forest 
Baptist 
Medical 
Center) 
FAI -Combination 
manual therapy 
and supervised 
exercise (with 
advice and home 
exercise) vs. 
advice and home 
exercise. 
-Both groups 
over a 6-week 
period. 
-No significant between-group 
differences were observed in 
pain and function, 1-week after 
completion of 6-week period. 
-Both groups showed 
statistically significant 
improvements in pain: the 
manual therapy group improved 
a mean of 17.6 mm and 18.0 
mm for the advice and home 
group. 
Main 
Outcome: 
-Evidence that 
FAI may be 
amenable to 
conservative 
treatment 
strategies.  
-Supervised 
manual therapy 
and exercise 
did not result in 
greater 
improvement in 
pain or 
function 
compared to 
advice and 
home exercise. 
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NPRS – Numeric pain rating scale; ADL – activities of daily living; NAHS – non-arthritic hip score; HAGOS – hip 
and groin outcome score; OHS – Oxford hip score; HADS – hospital and anxiety depression scale; MRI – magnetic 
resonance imaging; VAS – visual analog scale; LEFS – lower extremity functional score; PT – physical therapy 
 
(1) Phase 1 of the FASHIoN randomized control trial, (2) Phase 2 of the FASHIoN randomized control trial, (3) Phase 
3 of the FASHIoN randomized control trial. UK FASHIoN trial  (ISRCTN64081839).  
 
 
Table 3.3: Studies addressing future randomized controlled trials in individuals with non-arthritic 
hip pain. 
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3.5 Discussion 
 This literature review identified studies related to non-operative or conservative 
care in the treatment of individuals with non-arthritic hip pain.  Discussion and/or review 
articles, experimental studies, and randomized control feasibility and protocol studies 
addressing management of individuals with FAI, acetabular labral tears, dysplasia, 
structural instability, chondral damage, and ligamentum teres tears were evaluated.  From 
these studies, several concepts were identified that should be considered when beginning 
all non-operative management plans including: patient education,149-151 symptom control 
(with the use of non-steroidal anti-inflammatory drugs),19,152-154 identification of 
aggravating activities,19,155 modification of these activities with a focus on limiting 
extreme ranges of motion,19,152,153,156,157 and initiation of therapeutic interventions within 
a physical therapy protocol.155,158,159  These therapeutic interventions should consist of 
addressing neuromuscular deficits with training of the hip and lumbopelvic regions.  
  Physical therapy interventions that were described in the discussion and/or 
review articles included: hip musculature strengthening (specifically the hip abductors 
and deep external rotators);9,25,31,65,149,152-154,156,158,160-171 pelvic positioning and stability 
related to posture;25,31,65,102,152,153,155,156,158,164,165,167-170,172 core muscle 
strengthening;19,31,102,152,153,155,156,159,161,164,166,167,173,174 neuromuscular training focused on 
hip and lumbopelvic stability;9,31,156,157,159,163,166-172 stretching and flexibility for the 
surrounding hip musculature;9,153-155,158,160,165-167,170,173,175 inclusion of manual therapy 
interventions focusing on soft-tissue mobilization of surrounding structures of the 
hip;25,154,156,162,163,166,167,169,170,172,175,176 dynamic biomechanical control including 
proprioception, balance, and coordination training;9,25,31,159,162,163,166-168,171 and gait 
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training to address pathological  adaptations with use of orthotics if necessary.25,168,169,171 
It is recommended that all physical therapy interventions should be performed on an 
individualized basis.  
 The goal of rehabilitation should be to establish dynamic stabilization of the 
surrounding hip musculature and concurrent core and pelvic control to prevent accessory 
motion of the hip joint during complex activities.156,169  Neuromuscular training of the hip 
and lumbopelvic regions is important for establishing motor control during sports-related 
activities.169,170  Of note, the discussion and review articles were principally constructed 
on expert opinion Level 5 evidence, with the systematic reviews utilizing Level 2a and 3a 
evidence in order to analyze the experimental studies performed on individuals with non-
arthritic hip pain.146  Recommendations in the current literature review are based on 
“low” or “very low quality” evidence due to the uncontrolled nature of the clinical 
observations.147 
 The experimental studies included in this literature review include Level 4 (case 
series & descriptive epidemiological study), Level 2b (retrospective matched analysis), 
and Level 2c (clinical outcomes study) evidence, for the use of non-operative 
management of individuals with FAI, dysplasia, and structural instability.  Three case 
series (two prospective177,178 and one retrospective179) specifically addressed management 
of individuals with the diagnosis of FAI.  While two of these studies178,179 did not 
specifically define the non-operative management plan that was utilized, Emara et al.177 
demonstrated a successful plan utilizing four stages of conservative treatment that 
included: avoidance of physical activity with symptom control during the acute stage, 
physical therapy with stretching exercises for two to three weeks, assessment of normal 
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hip ROM, and modification/adaptation of ADL’s.  Prolonged sitting during this time 
frame was avoided, but if necessary it was recommended that individuals lean backwards 
periodically to decrease hip flexion and elicitation of impingement causing posture.177  
Thirty-three of the 37 patients (89%) had positive results from the conservative 
management plan with both the mean Harris Hip Score and non-arthritic hip scores 
improving from 72 to 91 (out of 100) over a 24-month period and visual analog scores for 
hip pain decreasing from 6 to 2 over the same timeframe.177  The results of this case 
control study suggests that an intervention focused on activity modification and physical 
therapy can significantly improve hip function and decrease symptoms in individuals 
with FAI. 
 Three experimental studies addressed non-operative management of intra-
articular disorders including FAI, acetabular labral tears, dysplasia, chondral lesions and 
ligamentum teres partial tears.150,151,180 Two of these studies provided specifics of non-
operative management including Yazbek et al.’s151 case series demonstrating a decrease 
in pain, improvement in functional movement, and increased lower extremity muscular 
balance in four individuals.  This was achieved by correcting abnormal joint movement 
by emphasizing muscular strengthening and sensory motor training.  When the muscle 
imbalance was corrected, the participants were progressed to a sports-specific functional 
training regimen and successfully returned to activity over a 12-week period.151  The case 
series performed by Hunt et al.150 demonstrated a successful management plan in 23 of 
52 (44%) individuals with FAI, LT, and dysplasia over a 12-week period.  All 
participants were taken through an individualized physical therapy protocol that 
emphasized femoral head motion by decreasing the anterior glide within the acetabulum 
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through muscle training and postural positioning of the pelvis.150  This study included a 
home exercise program but did not comment on the specifics beyond modification and 
avoidance of everyday aggravating activities.  As shown in Table 3.2, four of the 
experimental studies were classified as having “low quality” and three as having “very 
low quality” of evidence.   
 Level 1 randomized controlled trials (RCT) are the type of study that will 
establish “high quality” evidence for the cause and effect analysis of non-operative 
management for individuals with non-arthritic hip pain.  While the current literature 
review did not identify any completed RCT’s to date, several feasibility and protocol 
studies were available in the literature.  The five feasibility studies provided in this 
review demonstrate that a sufficient accumulation of patients, physical therapists, and 
surgeons willing to participate in future RCTs comparing: surgical vs. non-surgical 
management of FAI,181,182 movement pattern training (MPT) vs. no treatment for intra-
articular, non-arthritic hip pain,183 physical therapy vs. self-management of FAI,184 and a 
combination of manual therapy, physical therapy, and home exercise vs. advice and home 
exercise for FAI.185  While feasibility studies demonstrate the willingness for 
participation; protocol studies serve to define the intended treatment and control 
populations, methodology, and study design.  They also establish the intended hypothesis 
or objectives that the future RCTs would pursue.  Four protocol studies were identified in 
this review, with three describing the comparison of surgical vs. non-surgical 
management of FAI186-188 and a seven-day in-patient intervention vs. physical therapist 
led, outpatient intervention with home exercise program, for individuals with intra-
articular, non-arthritic hip pain.189   
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 A study conducted by Wall et al.148 established a suggested rehabilitation protocol 
based off of a prior feasibility182 and protocol study.186  The Personalized Hip Therapy 
(PHT) protocol provides the specific non-operative management that will be utilized in 
the FASHIoN RCT.148  The authors identified four rehabilitation components that were to 
be utilized in their future RCT including: a detailed patient assessment, education and 
professional advice, symptom control and pain relief, and an individualized exercise-
based program.148  Optional, individualized management was also included for treatment 
of coexisting symptoms, use of orthotics for biomechanical abnormalities, use of 
corticosteroid injections for patients with severe pain, and manual therapy 
interventions.148  A home exercise program will be provided for each individual 
participating in the non-operative group of the RCT.   
 This literature review has attempted to assimilate the current evidence for use of 
non-operative or conservative care for individuals with non-arthritic hip pain and suggest 
an exercise program.  The information provided herein may benefit clinicians in making 
treatment decisions based on the current peer-reviewed literature.  The provided home 
exercise program reflects the author’s compilation of exercises utilized within the peer-
reviewed literature and could be performed along with an individualized rehabilitation 
protocol.  There are limitations to this proposed home exercise program that need to be 
considered when applying the information presented.  The proposed rehabilitation 
interventions and compiled home exercise program are based on the authors 
interpretation of the current peer-reviewed literature. These recommendations may not be 
the only viable options for non-operative management of individuals with non-arthritic 
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hip pain. No cause and effect relationships between the proposed exercises and outcomes 
can be inferred.    
 
3.6 Conclusion 
 In general, the results of this literature review indicate that rehabilitation 
intervention focused on patient education, activity modification, limitation of aggravating 
factors, an individualized physical therapy protocol, and a home exercise program, can 
decrease pain and improve function in patients with non-arthritic hip pain.  Interventions 
should focus on addressing neuromuscular deficits with training of the hip and 
lumbopelvic regions.  While the current literature on non-operative management is 
limited, future randomized control trials will establish the effectiveness of specific 
physical therapy protocols for individuals with non-arthritic hip pain. 
 
 
 
 
 
 
 
 
 
 
 
  
58 
 
Chapter 4 
Evidence-Based Procedures for Performing the Single Leg 
Squat and Step-Down Tests in Evaluation of Non-Arthritic 
Hip Pain: A Literature Review 
Reprinted with permission from the International Journal of Sports Physical Therapy: 
McGovern RP, Martin RL, Christoforetti JJ, Kivlan BR. Evidence-Based Procedures for 
Performing the Single Leg Squat and Step-Down Tests in Evaluation of Non-Arthritic 
Hip Pain: A Literature Review. Int J Sports Phys Ther. June 2018; 13(3): 526-536.  
 
 
4.1 Abstract 
Background: Functional performance tests are commonly utilized in screening for injury 
prevention, evaluating for athletic injuries, and making return-to-play decisions. Two 
frequently performed functional performance tests are the single leg squat and step-down 
tests. 
Purpose: The purpose of this study was to systematically review the available 
psychometric evidence for use of the single leg squat and step-down tests for evaluating 
non-arthritic hip conditions and construct an evidence-based protocol for test 
administration. 
Study Design: Review of the Literature  
Materials/Methods: A search of the PubMed and SPORTSDiscus databases was 
performed. Psychometric evidence of reliability, validity, and responsiveness to support 
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the use of the both tests were collected. The protocols used for administering these tests 
were extracted, summarized, and combined.  
Results: Of the 3,406 articles that were reviewed, 56 total articles met the inclusion 
criteria and were included in the review. Evidence for reliability and validity was 
available to support the use of the single leg squat and step-down tests. Both tests assess 
for neuromuscular control of the hip and surrounding muscular structures. Evaluation of 
these functional movement patterns enable the clinician to assess for limitations that may 
cause an increase in hip pain and dysfunction.  
Conclusions: The single leg squat and step-down tests can assess for kinematic and 
biomechanical deficiencies and may be useful in the evaluation process for individuals 
with non-arthritic hip pain. The authors of this study present a comprehensive evidence-
based protocol for standardized performance of these tests. 
Level of Evidence: 3b  
Keywords: Functional performance testing, non-arthritic hip pain, standardized protocol  
 
4.2 Introduction 
 Functional performance tests are used to evaluate basic dynamic movement 
patterns that are commonly part of more complex activity.  Such tests typically combine 
range of motion, strength, and proprioceptive assessment.  They allow for the 
simultaneous evaluation of movement in all three (frontal, sagittal, and transverse) planes 
of motion.  These functional performance  tests can be useful in sports medicine to screen 
for injury prevention, evaluate athletic injuries, and help in return-to-play decisions.1-3 
The single leg squat test (SLST) (Figure 4.1) and step-down test (SDT) (Figure 4.2) are 
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two well-known tests described in the published literature and used in clinical 
practice.14,15  The SLST and SDT have been used in the evaluation of individuals with 
lower extremity dysfunction, most commonly among patients with knee pathology.128-137 
However, these tests also assess for several deviations in hip, pelvis, and trunk 
performance that are considered important when assessing individuals with hip pain. 16,17 
 
  
Figure 4.1: The single leg squat test. A – initial test position. B – squat position  
A B 
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Figure 4.2: The step-down test. A – initial test position. B – step-down position 
 
 The overall movement pattern during descent for both the SLST and SDT include 
hip and knee flexion with anterior pelvic tilt, flexion at the trunk, and hip adduction with 
knee internal rotation and abduction.17,190,191  While these two tests are similar, they have 
been shown to produce different patterns of movement and stresses at the hip.192,193 
Therefore, both the SLST and SDT could potentially be used to assess for kinematic and 
biomechanical deficiencies and be useful in the evaluation process of individuals with 
hip-related dysfunction. Static measures of range of motion performed standing or supine 
may not accurately depict the biomechanical demands of dynamic movements.  It is 
currently unclear how the implementation of the SLST and SDT in clinical evaluation of 
non-arthritic hip patients is best accomplished, but there is promise regarding the 
potential of routine addition of these tests for advancing the understanding of non-
A B 
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arthritic hip dysfunction. Additional examination of strength, flexibility, and endurance 
could be necessary to specifically identify the underlying pathologies, however, the 
inclusion of the SLST and SDT in clinical practice may be particularly helpful in the 
examination of patients with non-arthritic sources of hip pain.  There is a need for an 
evidence based standardized protocol for administering the SLST and SDT in individuals 
with non-arthritic hip pain.  
 The purpose of this study was to systematically review the literature to identify 
the psychometric evidence to support the use of and the best methods for administration 
of SLST and SDT in evaluation of patients with non-arthritic hip pain. The results of this 
study will allow for the development of a standardized protocol for administering the 
SLST and SDT in clinical practice and future research studies involving non-arthritic hip 
conditions.   
   
4.3 Methods 
4.3.1 Search Strategy for Identification of Studies 
 A search of the PubMed and SPORTSDiscus databases was performed to include 
articles from January 1997 to March 2017. Articles were identified that offered 
psychometric evidence for reliability, validity, and responsiveness regarding the 
administration of the SLST and SDT for examination of trunk and lower extremity 
function.  The following key words were used in combination for searching the electronic 
databases: “single leg squat” AND “step down.”  The primary author reviewed the 
abstracts of all references retrieved from the search and duplicates were removed.  From 
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this search, full length articles were retrieved and reference lists for these articles were 
also reviewed for additional relevant articles.   
 Research articles were included if they met the following criteria: 1) written in 
English, 2) published in a peer-reviewed journal after 1997, and 3) described the use of 
the SLST and/or SDT test in evaluation of strength, balance, postural control, or range of 
motion in the trunk, pelvis, hip, or knee.  Studies were excluded if they assessed only the 
ankle or foot during performance of the tests, or the performance of testing was 
completed on patients with degenerative disorders (i.e. osteoarthritis).  
 
4.3.2 Data Extraction – Reliability & Validity 
 Statistical analysis of reliability including test-retest, intra-rater, and inter-rater, 
and was recorded from each evaluated research article.2,194,195 Reliability was recorded as 
an interclass correlation coefficient (ICC) for interval or continuous data and the Cohen’s 
Kappa statistic for categorical or nominal data.196-198  Both the ICC and Kappa coefficient 
are valued on a scale of 0.0 to 1.0, with values closer to 1 showing higher reliability.199  A 
value for either the ICC or Kappa that is equal to or greater than 0.75 is considered 
excellent, between 0.40 and 0.74 is considered moderate, and less than 0.40 is considered 
poor.196   
 Validity for the SLST and SDT was assessed by comparing the performance of 
individuals with a documented lower extremity condition to healthy individuals and/or 
comparing performance on another test that shares similar characteristics with the SLST 
and SDT.200  This relationship is commonly expressed through correlation coefficients, 
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comparing the performance of each clinical test with other values, such as muscle 
strength and lower extremity range of motion.  
 
4.4 Results 
 A total of 3,406 research articles were identified in the initial search.  After 
applying the inclusion/exclusion criteria and subsequent evaluation of reference lists, a 
total of 56 studies were included in the review.  Search results included 37 articles 
describing the SLST, 14 describing the SDT, and 5 articles describing a combination of 
the SLST and SDT as shown in Figure 4.3. A total of 27 articles addressed validity, 15 
articles addressed reliability, and 14 addressed both reliability and validity.  There were 
no articles that addressed the responsiveness of testing for either the SLST or SDT.  
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Figure 4.3: Results of literature search for single leg squat and step-down tests 
 
 There was no evidence of reliability in administration or evaluation procedures 
for either the SLST or SDT specifically in patients with documented hip dysfunction.  
Evidence of reliability for the visual assessment of overall quality of movement for both 
the SLST and SDT in both healthy subjects and those with documented knee injuries is 
shown in Table 4.1. Both the SLST and SDT were found to be reliable when the 
evaluation was based on the evaluators overall impression of test performance as well as 
evaluation of specific biomechanical deviations for posture and/or movement of the 
trunk, pelvis, hip, and knee.201-204      
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Table 4.1: Studies offering evidence of reliability in overall quality of movement for 
SLST and SDT 
Study Test Evidence of Reliability Normative Values for 
Evaluation of Participants  
Crossley (2011) SLST Inter-rater (Kappa = 0.6 – 0.8, 
73% - 87% agreement) 
 
Intra-rater (Kappa = 0.61 -0.8, 
73%-87% agreement)  
 
Quality of movement rated as 
“poor”, “fair” or “good”, 
based on 5-point criteria  
 
 
Junge (2012) SLST Inter-rater (Kappa = 0.54 – 0.86, 
86%-97% agreement) 
Postural orientation of knee, 
hip, and trunk, based on a 4-
point scale 
Kennedy (2010) SLST Intra-rater (ICC = 0.85 & 0.95, 
0.74-0.97; Kappa = 0.31 & 0.53) 
 
Inter-rater (ICC = 0.8 & 0.92, 
0.71-0.95; Kappa = 0.37 & 0.26)  
Evaluation of trunk, hip, knee, 
lower leg, and overall pattern 
on repetitions (ICC) and 
limiting factor (Kappa) for 
left and right leg. 
Loudon (2002) SDT Intra-rater (ICC = 0.94, SEM = 
0.53) 
Overall quality of movement 
Park (2013) SDT Inter-rater (Kappa = 0.80, 85% 
agreement) 
Quality of movement based 
on 5-point criteria   
Piva (2006) SDT Inter-rater (Kappa = 0.67, 80% 
agreement) 
Quality of movement based 
on 5-point criteria   
Rabin (2014) SDT Inter-rater 
 
Overall (Kappa = 0.81, 0.68 – 
0.94) 
 
Trunk (Kappa = 0.72, 0.57 – 0.87) 
Pelvis (Kappa = 0.71, 0.52 – 0.90) 
Knee (Kappa = 0.87, 0.75 – 0.99) 
Overall quality of movement 
& individual rating criteria for 
trunk, pelvis, and knee rated 
as “good” or “moderate” 
Herman (2016) SDT Inter-rater 
 
Overall (ICC = 0.61, 73.83% 
agreement) 
 
<1 year (ICC = 0.61, 66.67% 
agreement) 
1 -5 years (ICC = 0.59, 78.33% 
agreement) 
>5 years (ICC = 0.59, 73.40% 
agreement) 
Overall quality of movement 
rated as “good”, “fair”, “poor” 
for a cohort of physical 
therapists with varying levels 
of experience. 
Chmielewski 
(2007)  
SLST/SDT
  
Inter-rater (Overall method) 
SLST (Kappa = 0.01, (-0.27) – 
0.25) 
SDT (Kappa = 0.19, (-0.15) – 
0.53) 
 
Inter-rater (Specific method) 
SLST (Kappa = 0.18, 0.04 – 0.32) 
SDT (Kappa = 0.22, 0.07– 0.36) 
 
Overall vs. specific methods 
for quality of movement  
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 There was no evidence of validity in administration of the SDT specifically in 
patients with documented hip dysfunction.  One study for the SLST demonstrated 
evidence of validity in administration for patients with hip dysfunction.16 Both tests 
demonstrated evidence of validity in kinematic and muscle function assessment in 
healthy patients. Table 4.2 presents the evidence related to validity in evaluation of hip 
function for both the SLST and SDT.   
 
  
68 
 
 
Table 4.2: Studies offering evidence of validity for kinematic evaluation of the trunk, 
pelvis, hip, and knee 
  
 
 
 
Study Test Evidence of Validity  
Claiborne 
(2006) 
SLST Hip abduction and internal rotation strength are strong predictors for 
control of valgus motion at the knee. 
Crossley 
(2011) 
SLST  Individuals graded as “good” on test performance had greater hip 
abduction torque and trunk side flexion force in comparison to those 
graded as “poor.” 
DiMattia 
(2005) 
SLST Weak, positive correlation between hip-abduction strength and hip-
adduction angle during test performance. 
Hatton 
(2014) 
SLST Individuals with documented hip chondropathy had decreased balance 
during test performance.  Increased range of motion for hip external 
rotation may predict balance impairments.  
Hollman 
(2014) 
SLST Individuals graded as “good” had less hip flexion and adduction during 
test performance than those graded as “poor” performers.  Increased 
medial hip rotation and adduction occurred with an increased knee valgus 
angle.  
Khuu 
(2016) 
SLST Mechanics of the trunk, pelvis, and lower extremity during test 
performance was affected by the positioning of the non-stance leg.  The 
SLST-Back positioning caused the most kinematic changes at the hip and 
pelvis during testing.  
Mauntel 
(2013) 
SLST Increased hip abductor and external rotator strength influences decreasing 
medial knee deviation during test performance.  
Shirey 
(2012) 
SLST The intentional core activation of individuals during test performance had 
significantly smaller hip frontal plane displacement (p=0.01) and a larger 
angle of knee flexion (p=0.009). 
Stickler 
(2015) 
SLST The hip abductors, external rotators, extensors, and core musculature have 
an impact on the frontal plane projection angle of the knee during test 
performance.  Specifically, strength of the hip abductors was the greatest 
indicator of valgus deviation at the knee.  
Burnham 
(2016) 
SDT Hip abduction, external rotation, and extension strength, as well as trunk 
endurance were positively correlated with repetitions of SDT. 
Hollman 
(2009) 
SDT Recruitment of the gluteus maximus muscle may have a greater effect on 
test performance than muscle strength. Hip adduction is positively 
correlated to knee valgus in the frontal plane.   
 Oliver 
(2016) 
SDT Both the hamstring and gluteus medius muscles were classified as “strong” 
during test performance.  
Hatfield 
(2016) 
SLST 
& 
SDT 
The SDT and SLST were shown to have similar kinematic requirements 
with high hip flexion and adduction muscle impulses.  The SDT was 
shown to have a higher hip adduction angle as well as frontal plane 
excursion angle of the hip. 
Lewis 
(2015) 
SLST 
& 
SDT 
The SLST and SDT were kinematically different with the SLST having 
less hip adduction but more hip external rotation and knee abduction (p≤ 
0.03) than the SDT. 
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 Results attained from studies on the SLST2,190,201,205-213 (Table 4.3) and 
SDT128,135,201,205,211,212,214-216 (Table 4.4) were used to create a standardized protocol and 
scoring criteria for both functional performance tests for evaluating individuals with non-
arthritic hip pain. Evaluation for the proposed protocol was based on an overall 
impression of the trials (including balance and evaluation of the arm strategy), posture or 
movement of the trunk, posture of the pelvis, hip joint movement and posture, and knee 
joint movement and posture.201-204     
 
 
Table 4.3: Single leg squat test protocol 
Each individual must wear shorts that enables the evaluator to observe their knee position 
throughout the entire SLST.  A “T” (6” horizontal and 10” vertical) will be marked with 1 ½” 
white athletic tape on the floor.  Patients will be instructed to stand barefoot with both legs 
shoulder width apart and parallel to each other, with arms positioned at their side.  They are 
instructed to place their unaffected foot on the long axis of the “T” shape with the second 
metatarsal aligned perpendicular to the stem but not touching the line.  The individuals will then 
transition to a single leg-stance on the unaffected leg with the non-stance knee flexed to 90° and 
thigh vertically aligned with the stance leg.  While maintaining a straight trunk the participants 
are then instructed to squat down until they can no longer see the line in front of their toes (~45-
60 degrees of flexion), while maintaining a balanced and controlled motion at a rate of 1 squat 
per 2 seconds.  After completion of each repetition the individuals will return to their original 
standing position before beginning another squat.  The SLST will be performed a total of 3 
times.  The participants then will complete 3 repetitions on the affected side.  A single 
investigator will demonstrate the entire procedure before the participation of an individual.  
 
The evaluator assessed the overall test performance of the individuals affected side. Along with 
an overall impression, each repetition was graded as “positive” or “negative” for the five criteria 
listed below.  For the individual to pass, the evaluator must first grade the overall impression of 
test performance as passing.  Second, a total of 4 out of the 5 specific criteria must be negative 
for deviation.   A passing grade of at least 1 out of the 3 tests are needed for evaluation.  
Therefore, failing 2 out of 3 tests still elicits a passing assessment.    
 
Scoring Criteria  
Overall impression (balance, gross arm deviation, ability to perform test) 
 
1. Trunk movement (forward lean, lateral rotation, lateral flexion, thoracic rotation) 
2. Posture of the pelvis (tilt or rotation) 
3. Posture of the hip joint (adduction or internal rotation) 
4. Posture of the knee (knee valgus or tremor) 
5. Depth of squat (compared bilaterally, orientation with T) 
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Table 4.4: Step-down test protocol 
 
4.5 Discussion 
 This literature review identified evidence of reliability and validity for the SLST 
and SDT, with a large proportion of the literature determining these psychometric 
properties in the healthy population. While there was only one study that offered 
evidence of validity for the SLST in individuals with non-arthritic hip pain, there was 
evidence that both tests may be useful in evaluating for range of motion, strength, and 
proprioceptive deficiencies of the hip and surrounding muscular structures. These tests 
       Each individual must wear shorts that enable the evaluator to observe their knee position 
throughout the entire SDT.  They are instructed to stand barefoot with both legs shoulder width 
apart and parallel to each other with arms positioned at their side on a standardized step that is 
20-25 cm high.  They are then asked to transition to a single leg-stance on the unaffected leg 
with the non-stance knee extended out from the step and foot in dorsiflexion.  The stance leg is 
positioned so that the toes are even with the front edge of the step. While maintaining a straight 
trunk, individuals are then instructed to bend their knee on the stance leg until the heel of the 
contralateral leg touches the floor. Without putting weight on the heel, they must return to the 
starting position at a rate of 1 squat per 2 seconds.  After completion of each repetition the 
participants will return to their original standing position before beginning the next repetition.  
Individuals will perform the SDT a total of 3 times.  They will then complete 3 repetitions on the 
affected side.  A single investigator will demonstrate the entire test performance before the 
participation of an individual.  
 
The evaluator assessed the overall test performance of the individuals affected side. Along with 
an overall impression, each repetition was graded as “positive” or “negative” for the five criteria 
listed below.  For the individual to pass, the evaluator must first grade the overall impression of 
test performance as passing.  Second, a total of 4 out of the 5 specific criteria must be negative 
for deviation.   A passing grade of at least 1 out of the 3 tests are needed for evaluation.  
Therefore, failing 2 out of 3 tests still elicits a passing assessment.    
 
Scoring Criteria  
Overall impression (balance, balance or acceleration provided by heel contact, gross arm 
deviation, ability to perform test) 
 
1. Trunk movement (forward lean, lateral rotation, lateral flexion, thoracic rotation) 
2. Posture of the pelvis (tilt or rotation) 
3. Posture of the hip joint (adduction or internal rotation) 
4. Posture of the knee (knee valgus or tremor) 
5. Depth of squat (inability to contact heel to ground) 
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assess for several deviations in trunk, pelvis, and hip performance that are considered 
important when assessing individuals with non-arthritic hip pain.  From the identified 
articles, a standardized protocol and scoring criteria was created for administering the 
SLST and SDT based on the best available evidence. 
 The SLST demonstrated moderate to excellent reliability for evaluation of test 
performance.  Visual assessment of overall quality of movement for the SLST showed a 
73-87% agreement for inter-rater and intra-rater reliability (Kappa= 0.61 - 0.80) based on 
a five-point scoring criteria.201  Moderate to excellent reliability was also present in the 
inter-tester evaluation of adolescent trunk, hip, and knee postural orientation utilizing a 
four-point scoring criteria (Kappa = 0.54 – 0.86).217  Visual observation of dynamic knee 
valgus and frontal plane projection angle (FPPA) was also shown to be reliable in 
evaluation of asymptomatic patients during performance of the SLST.14,207,218-221 While 
the SLST test has been shown effective in the pass/fail evaluation of an individual’s 
trunk, hip, knee, and lower leg movement patterns, a more objective set of criteria is 
necessary for reliable identification of specific biomechanical deficiencies in multiple 
planes.202 Kinematic evaluation of the trunk, pelvis, hip, and knee utilizing an 
electromagnetic tracking system demonstrated excellent intra-rater, intrasession 
reliability (ICC = 0.83 – 1.00) and intra-rater, intersession reliability (ICC = 0.82 – 
0.96).222  
 In addition to evidence of reliability, the SLST was valid in the evaluation of 
dynamic lower extremity control and hip muscle function.16,201,223 Individuals with 
documented hip chondropathy were shown to have an overall decrease in balance, as 
determined by the amplitude and velocity of center of pressure movement when 
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performing the SLST compared to healthy individuals.16  Increased hip external rotation 
range of motion may also predict balance impairments for those with non-arthritic hip 
pathologies.16  Moderate, negative correlations between test performance and muscle 
function of the hip abductors (r = -0.37, p < 0.05).53 Hip abduction (r = 0.466, p = 0.002), 
hip external rotation (r = 0.464, p = 0.003), hip extension (r = 0.396, p = 0.012)  and core 
musculature (r = 0.426, p = 0.006) were shown to have moderate, positive correlations to 
the frontal plane projection angle during performance of the SLST.54  Individuals who 
were graded as having a “poor” SLST showed weakness and slower activation of the hip 
abductors specifically the gluteus medius as measured by electromyographic activity,201 
with an increase in hip adduction and flexion motions compared to those that were graded 
as “good” based on visual observation224 Greater strength in the hip abductors and an 
increase in depth of knee flexion was shown to be related to a decrease in the valgus 
motion of the knee during the SLST.225  The increase in coactivation of gluteal and hip 
adductor muscles was shown to also cause a decrease in valgus motion of the knee during 
the SLST as measured by electromyographic activity and an electromagnetic motion 
tracking system.226,227  The SLST was shown to induce less hip adduction but more hip 
external rotation and knee abduction compared to the SDT.17  
 Although the evidence for reliability and validity of the SDT is less than that for 
the SLST, the SDT was shown to have moderate to excellent reliability for test 
performance. The SDT showed excellent interrater reliability for overall quality of 
movement (Kappa = 0.81, 0.68 – 0.94), as well as moderate to excellent interrater 
reliability for trunk alignment (Kappa = 0.72, 0.57 – 0.87), pelvic plane (Kappa = 0.71, 
0.52 – 0.90), and knee positioning (Kappa = 0.87, 0.75 – 0.99) during performance in 
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individuals with patellofemoral pain.228,229 Intra-rater reliability for SDT performance in 
individuals with patellofemoral pain syndrome and healthy subjects was also shown to be 
excellent (ICC = 0.94, SEM = 0.53).128 The overall movement quality of the SDT has 
been shown to have moderate (Kappa = 0.67, 80% agreement)215 to excellent inter-tester 
reliability (Kappa = 0.80, 85% agreement)203 based on a five point scoring criteria in 
healthy individuals.215 Moderate inter-rater reliability for the SDT was even shown 
amongst 142 physical therapists who evaluated 15 healthy subjects on a three level rating 
criteria (ICC = 0.61, 74% agreement).230 Kinematic evaluation of the trunk, pelvis, hip, 
and knee utilizing an electromagnetic tracking system demonstrated excellent intra-rater, 
intrasession reliability (ICC = 0.83 – 1.00) and intra-rater, intersession reliability (ICC = 
0.82 – 0.97).222 
 The available studies demonstrated evidence of validity for evaluation of hip and 
trunk muscle function. Hip abduction (r = 0.446, p<0.001) and external rotation (r = 
0.448, p<0.001) strength were positively correlated with performance of the SDT.214 
Those evaluated as having “good” movement quality had significantly stronger hip 
abductors, increased knee active range of motion, and increased hip adduction range of 
motion than those with “moderate” movement quality.203  “Moderate” quality of 
movement patterns also had an increased contralateral pelvic drop (p= 0.01) and 
increased knee external rotation (p = 0.04) compared to those that were evaluated as 
“good.”231 The SDT was found to be more biomechanically demanding when compared 
to the SLST, however, the differences between the two were not statistically significant 
(p range = 0.36 – 1.00).191  Although similar in performance, when compared to the 
SLST the SDT demonstrated significantly greater knee flexion (p<0.001), as well as hip 
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flexion and adduction (p≤0.013) during test performance.17,191  The frontal plane 
projection angle of the hip was also significantly higher during the SDT than in the SLST 
(p<.001) as observed with 3-D imaging, surface electromyographic activity, and ground 
reaction forces.191  Examination of test performance for both functional tests have shown 
an increase in hip abductor strength and degree of knee flexion to have a significant 
effect on decreasing hip adduction and valgus motion at the knee. 17,232  The SLST and 
SDT are beneficial in evaluating patients through visual observation of pelvic tilt and 
rotation as well as trunk stability.214,222,233   
 This literature review was used to assimilate current evidence to construct 
standardized protocols for administering the SLST and SDT for use during the evaluation 
of individuals with non-arthritic hip pain.  The proposed protocols for both the SLST and 
SDT reflect the authors’ interpretations of best available evidence of reliability and 
validity extracted from the current peer-reviewed literature.   Evaluation was based on an 
overall impression of each repetition (including balance and evaluation of the arm 
strategy), posture or movement of the trunk, positioning of the pelvic plane, hip joint 
movement and positioning, and knee joint movement and posture.201-204    
 The accumulation of procedures utilized for both the SLST and SDT were 
extracted and analyzed by the authors from the current peer-reviewed literature in order 
to assess for reliability and validity.  These results were summarized and combined to 
create a recommended protocol and evaluation procedure for clinical utilization of the 
SLST and SDT in individuals with non-arthritic hip pain.  The standardized protocol and 
scoring criteria for both the SLST and SDT can be found in Table 3 and Table 4, 
respectively.  
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 There are limitations present in the current study that need to be considered when 
interpreting the results.  The proposed protocols for administration of the SLST and SDT 
are based on the authors interpretation of the current peer-reviewed literature. These 
recommendations may not be the only viable options for administration of the SLST and 
SDT during assessment of individuals with non-arthritic hip pain.  Different techniques 
for test performance as well as differing landmarks for the visual evaluation criteria could 
be utilized with effectiveness. Other functional performance tests may be beneficial in the 
evaluation of individuals with intra-articular conditions of the hip. Caution should also be 
exercised when generalizing the results of the current study to other populations.  Future 
studies are needed to demonstrate the diagnostic accuracy of the SLST and SDT in 
evaluation of individuals with non-arthritic hip pain. The use of three-dimensional motion 
analysis technology and electromyographic activity could also add quantitative analysis 
to validate the use of the SLST and SDT in this population. 
 
4.6 Conclusions 
 Evidence was available to support the reliable and valid use of the SLST and 
SDT.  Both tests have been utilized to assess quality of movement in the hip and 
surrounding structures.  These tests are indicative of the weight-bearing demands and 
dynamic muscular control needed for sports related movements. The best procedures 
used during research to assess reliability and validity of the tests were extracted, 
analyzed, summarized, and combined in order to create suggestions for practical, clinical 
procedures for utilization during administration of the SLST and SDT in individuals with 
non-arthritic hip pain. 
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Chapter 5 
Evidence for Reliability and Validity of Functional 
Performance Testing in the Evaluation of Nonarthritic Hip 
Pain  
The manuscript has been accepted and currently awaiting publication in the Journal of 
Athletic Training: 
McGovern RP, Christoforetti JJ, Martin RL, Phelps A, Kivlan BR. Evidence for 
Reliability and Validity of Functional Performance Testing in the Evaluation of 
Nonarthritic Hip Pain. J Athl Train.  Manuscript # - JAT0033-18R.  
 
5.1 Abstract 
 
Context: The single leg-squat test (SLST) and step-down test (SDT) are 2 functional 
performance tests commonly used to evaluate active people with nonarthritic hip pain and 
dysfunction. However, there is a lack of evidence to support the use of the SLST and 
SDT in this population. 
Objective: To offer evidence of reliability and validity for the SLST and SDT in 
evaluating people with nonarthritic hip pain. 
Study Design: Cross-sectional study. 
Setting: Orthopaedic surgeon’s clinical office.  
Patients: Forty-five people (27 female and 18 male participants) diagnosed with 
nonarthritic hip pain and a mean age of 28.5 ± 10 years, height of 171.6 ± 10.1 cm, 
weight of 73.9 ± 15.2 kg, and body mass index of 25 ± 4.1, participated in this study. 
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Interventions: Evaluation of the SLST and SDT. 
Main Outcome Measures: Inter-rater reliability and validity with passive internal 
rotation of the hip (IR), visual analog scale (VAS), and hip outcome score (HOS) for 
limitations in activities of daily living (ADLs) and sports-related activities (SRAs) were 
collected. 
Results: There was moderate to excellent inter-rater reliability for both the SLST (0.603-
0.939) and SDT (0.745-0.943). There was a statistically significant difference between 
the individuals that passed and failed the SLST and SDT on the following measures: 
VAS for the SLST [F(1,43) = 16.21, P<.001]; VAS for the SDT [F(1,43) = 13.41, 
P=.001]; HOS-ADL for the SLST [F(1,40) = 5.15, P=.029]; HOS-SRA for the SLST 
[F(1,40) = 7.48, P=.009]; and HOS-SRA for the SDT [F(1,40) = 6.42, P=.015].   
Conclusions: Our study offers evidence for the use of the SLST and SDT as reliable and 
valid functional performance tests in the evaluation of physical function for people with 
nonarthritic hip pain. 
Keywords: single-leg squat test, step-down test, visual analog scale, hip outcome score 
 
5.2 Introduction 
 Functional performance tests are often used to evaluate dynamic movement 
patterns that combine range of motion, strength, and proprioception.  These tests are 
indicative of the physical demands and neuromuscular control needed for sport-related 
movements.  The single-leg squat test (SLST) and step-down test (SDT) are 2 functional 
performance tests commonly used in the clinical setting.  While the SLST and SDT are 
commonly performed to evaluate basic dynamic movement patterns of the trunk and 
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lower extremity,17 their use as functional performance tests for people with nonarthritic 
hip pain and dysfunction has not yet been defined in the literature. 
 The SLST and SDT account for several deviations in the hip, pelvis, and trunk 
that are considered important when assessing people for hip pain and dysfunction.16,17  
The overall normal, movement pattern during descent for both the SLST and SDT 
include hip and knee flexion with anterior pelvic tilt, flexion at the trunk, and hip 
adduction with knee internal rotation and abduction.17,190,191  Visual observation of the 
SLST and SDT has been shown to be reliable in evaluating kinematic and biomechanical 
deficiencies of the hip, pelvis, and trunk in healthy people.214,222   They have also been 
established as valid for assessing dynamic lower extremity control and hip muscle 
function in healthy people and those with diagnosed hip chondropathy.16,201,203,214   While 
these 2 tests are similar in performance, they have been shown to produce different 
movement patterns, muscular recruitment patterns, and stresses on the intra-articular 
structures of the hip.17,192,193  Specifically, the SLST is performed with more abduction of 
the knee while the SDT is performed with greater hip adduction.17  An increase in hip 
abduction kinematics needed during the SDT can cause greater activation of the medial 
and lateral hamstrings compared with the SLST.191    
 Pathologies associated with the hip joint in the absence of severe degenerative 
joint disease that cause pain are defined as nonarthritic hip pain and include 
femoroacetabular impingement (FAI), acetabular labral tears, dysplasia, structural 
instability (ie. acetabular retroversion, femoral anteversion), and ligamentum teres 
tears.7,8  These conditions are believed to occur from repetitive microtrauma developed 
during dynamic movement between the proximal femur and the acetabulum.7,140  
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Excessive femoral head motion and joint instability can also cause deficiencies and 
overactivation in the surrounding hip musculature leading to increased intra-articular 
symptoms over time.23,32,64  With the increased attention attributed to nonarthritic hip 
pathologies,20,65 identifying and diagnosing these conditions have become more common, 
especially in the young, athletic population. While functional performance tests are 
commonly used to evaluate active people with hip pain and dysfunction,2,17,191 studies 
establishing the reliability and validity of their use in people with nonarthritic hip pain are 
limited.    
 Both the SLST and SDT could be useful for evaluating of people with nonarthritic 
hip pain and dysfunction as they assess for deficiencies relating to the hip and 
surrounding musculoskeletal structures.  However, there is a lack of evidence to support 
the use of the SLST and SDT in this population.  The purpose of our study is to offer 
evidence of reliability and validity for SLST and SDT in evaluating people with 
nonarthritic hip pain.  Our first hypothesis is that there will be moderate to excellent 
interrater reliability between differentially trained musculoskeletal experts evaluating 
both the SLST and SDT.  Our second hypothesis will establish validity by demonstrating 
that people who pass the SLST and SDT will have greater passive internal rotation of the 
hip (IR), lower reported pain levels, and greater self-reported levels of function, than 
those who fail. 
 
5.3 Methods 
 Our cross-sectional study compared evaluations between a certified athletic 
trainer (R.P.M) and a board certified orthopaedic surgeon and sports medicine specialist 
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with greater than 10 years’ experience performing arthroscopic hip preservation surgery 
(J.J.C.).  The independent variables were evaluation of test performance (passing or 
failing) of the SLST and SDT.  The main outcome variables were passive IR, visual 
analog scale (VAS) score, and hip outcome score (HOS) for limitations in activities of 
daily living (ADLs) and sports-related activities (SRAs). 
 
5.3.1 Participants  
 Forty-five people consecutively diagnosed with nonarthritic hip pain who met the 
inclusion/exclusion criteria participated in our study.  This included 27 female and 18 
male participants with a mean age of 28.5 years (range,14-48 years; SD = 10), height of 
171.6 cm (range, 155-190.5 cm; SD = 10.1), weight of 73.9 kg (range, 41.7-108.9 kg; SD 
= 15.2), and body mass index (BMI) of 25 (range, 16.3-35.4; SD = 4.1). These physically 
active participants reported an average of 24.2 months (range, 1-144 months; SD = 24.2) 
for duration of symptoms relating to their nonarthritic hip pain. They were evaluated by 
the secondary investigator (J.J.C.) and diagnosed with the following pathologies: 40 with 
labral tears (89%), 20 with FAI (44%), 9 with dysplasia (20%), 5 with structural 
instability (11%), and 3 with ligamentum teres partial tears (7%).  All participants and 
parents/guardians (when applicable) approved and signed the written informed consent 
and authorization to disclose protected health information for a research study established 
under the Allegheny Singer Research Institute – Institutional Review Board. 
 Inclusion criteria included people between 14 and 49 years old, BMI <40, clinical 
diagnosis of intra-articular pathology (confirmed by magnetic resonance imaging or 
magnetic resonance arthrogram evaluated by a radiologist and the secondary 
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investigator), ambulation without mobility aids or assistance, physical ability to perform 
the SLST and SDT on the unaffected leg, and ability to read and understand English. 
 Exclusion criteria were age >49 years, BMI ≥40, moderate to severe (Tönnis 2 or 
3) osteoarthritic change of the hip79, any previous surgical intervention on the affected 
hip; documented current injuries to the lumbar spine, knee, and/or ankle of the affected 
side (within the previous 6 months), and concurrent extra-articular, musculoskeletal 
conditions confirmed by magnetic resonance imaging or magnetic resonance arthrogram 
(ie. gluteus tendinopathies, trochanteric bursitis, hamstring tendinopathies). 
  
5.3.2 Data Collection 
 The secondary investigator evaluated and recorded IR with the participant in a 
supine position with the hip and knee positioned at a 90° angle during the initial physical 
exam. The VAS scores for current pain level, HOS-ADLs, and HOS-SRAs, were 
completed by the participants before functional test performance. The VAS was 
quantified on a scale of 0 to 10, while both the HOS-ADLs and HOS-SRAs were 
quantified on a scale of 0 to 100. The VAS has been shown to be a reliable and valid 
psychometric response scale for pain in participants with spine fractures and 
dislocations.118   Both the HOS-ADLs and HOS-SRAs have been shown to have high 
reliability and responsiveness of testing as well as a high correlation to measures of 
physical function in people with nonarthritic hip pain.121-123   
 
 
 
  
82 
 
5.3.3 Functional Test Performance  
 A standardized protocol for administering both the SLST (Figure 5.1) and SDT 
(Figure 5.2) was determined from a prior literature review and incorporated into the 
routine clinical practice of the secondary investigator.234  Participants were required to 
wear shorts or tight-fitting pants that enabled the evaluators to observe their lower 
extremity position throughout the performance of both functional tests. The primary 
investigator (R.P.M) demonstrated test performance for both the SLST and SDT.  
Participants were then instructed to perform both tests on the unaffected leg in the 
presence of the primary investigator.  Three repetitions of each test were then completed 
to evaluate the participant’s ability to perform as well as understanding of the proper 
technique before proceeding to performance on the affected side. 
 
5.3.4 Single-Leg Squat Test  
 A “T” (6” horizontal and 10” vertical) was marked with 1 ½” white athletic tape 
on the floor.  Participants were instructed to stand barefoot with both legs shoulder width 
apart and parallel, with arms positioned at their side.  They were instructed to place their 
unaffected foot on the long axis of the T-shape with the second metatarsal aligned 
perpendicular to the stem but not touching the line.  The participants then transitioned to 
a single leg-stance on the unaffected leg with the non-stance knee flexed to 90° and the 
thigh vertically aligned with the stance leg.  While maintaining a straight trunk the 
participants were then instructed to squat down until they could no longer see the line in 
front of their toes (~45°-60° of flexion), while maintaining a balanced and controlled 
motion at a rate of 1 squat per 2 seconds. 
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Figure 5.1: The single-leg squat test. A – initial test position. B – squat position.  
 
5.3.5 Step-Down Test 
 Participants were instructed to stand barefoot with both legs shoulder width apart 
and parallel, with arms positioned at their side on a standardized step that is 20 to 25 cm 
high.  They were then asked to transition to a single-leg stance on the unaffected leg with 
the non-stance knee extended out from the step with the foot in dorsiflexion.  The stance 
leg was positioned so that the toes were even with the front edge of the step. While 
maintaining a straight trunk, participants were then instructed to bend their knee on the 
stance leg until the heel of the contralateral leg touched the floor. Without putting weight 
on the heel, they returned to the starting position at a rate of 1 squat per 2 seconds.    
A B 
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Figure 5.2: The step-down test. A – initial test position. B – step-down position. 
 
5.3.6 Functional Test Evaluation  
 An assessment of 3 trials of the SLST and SDT for the affected extremity was 
then performed in front of the primary and secondary investigator.  The order of testing 
for the SLST and SDT was randomized for all participants.  Both investigators completed 
forms evaluating the participants’ test performance for the SLST and SDT.  Each 
repetition for both SLST and SDT on the affected extremity was evaluated for (1) overall 
impression of the trials (including balance and evaluation of the arm strategy), (2) posture 
or movement of the trunk, (3) posture or movement of the pelvis, (4) hip joint movement 
and posture, (5) knee joint movement and posture, and (6) depth of squat.201-204   Along 
with an overall impression, each repetition was graded as positive for deviation or 
negative for deviation for the other 5 criteria.  The evaluated deviations are shown in 
A B 
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Table 5.1.  For the participant to pass, the evaluator must first grade the overall 
impression of test performance as passing.  Second, a total of 4 out of the 5 specific 
criteria must be negative for deviation.  A passing grade of at least 1 out of the 3 
repetitions was needed for the overall evaluation to be graded as passing.  Therefore, 
failing 2 out of 3 tests still elicited a passing assessment. 
 SLST SDT 
Trunk Forward lean 
Lateral flexion 
Lateral rotation 
Thoracic rotation 
Forward lean 
Lateral flexion 
Lateral rotation 
Thoracic rotation 
Pelvis Compensated Trendelenburg 
Rotation 
Compensated 
Trendelenburg 
Rotation 
Hip Adduction 
Internal rotation 
Adduction 
Internal rotation 
Knee Valgus  
Knee tremor 
Valgus  
Knee tremor 
Depth of squat Orientation to tape “T” 
Bilateral comparison 
Ability to touch heel to 
ground 
Return to starting 
position 
Overall impression  Balance 
Gross arm deviation 
Ability to perform test 
Balance 
Gross arm deviation 
Ability to perform test 
 
Table 5.1: Evaluated deviations for the SLST and SDT. 
 
 
5.3.7 Sample Size 
 To determine the sample size needed for our study, a power analysis (G*Power 
3.1.9.1, Universität Dusseldorf, Dusseldorf, Germany) was performed for validity based 
on a 1-way (apriori), analysis of variance (ANOVA) with omnibus, fixed effects.  Our 
power analysis was derived from a pilot study of 9 people with nonarthritic hip pain 
evaluated by the primary and secondary investigators.  This demonstrated 2 people 
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passing the SLST with a mean HOS-SRAs of 61.05 (SD = 3.92), while 7 people failed 
the SLST with a mean HOS-SRAs of 45.72 (SD = 16.31).  From this sample a calculated 
effect size of 0.6373290, alpha error probability of 0.05, and power value of 0.80 
produced a total sample size of 22.  This total sample size was derived for 2 groups with 
11 people each.  Due to the sample population demonstrating that roughly 25% of 
participants with nonarthritic hip pain would pass the SLST, the current study called for 
44 participants. 
 
5.3.8 Statistical Analysis 
5.3.8.1 Reliability   
 Statistical analysis for reliability was evaluated as the interrater reliability 
between the primary and secondary investigators. Interrater reliability was first assessed 
as an interclass correlation coefficient (ICC) with a 2-way mixed model (3,1) to compare 
the total number of deviations (out of 6) assessed by both investigators for each repetition 
of the SLST and SDT.  Interrater reliability using the Cohen’s Kappa statistic was 
assessed for the overall evaluation of passing or failing for each repetition of the SLST 
and SDT.  Reliability was also assessed using the Kappa statistic for a dichotomous 
assessment of positive for deviation versus negative for deviation for each repetition of 
the SLST and SDT in the evaluation of the trunk, pelvis, hip, knee, and depth of squat.  
Both the ICC3,1 and Kappa coefficient were valued on a scale of 0.0 to 1.0, with values 
closer to 1 showing higher reliability.199  A value for either the ICC or Kappa that was 
≥0.75 was considered excellent, between 0.74 and 0.40 was considered moderate, and 
<0.40 was considered poor.196 
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5.3.8.2 Validity   
 Statistical analysis for evidence of validity was measured as the assessment of IR, 
VAS, HOS-ADLs, and HOS-SRAs between participants with passing and failing 
evaluations of the SLST and SDT. A 1-way ANOVA calculation was performed for each 
value to assess for any statistically significant differences between the means of those 
that were graded as passing and those graded as failing for both the SLST and SDT.  All 
data were analyzed using a common statistical software program (IBM SPSS Statistics, 
Version 23, Armonk, NY). 
 
5.4 Results  
5.4.1 Reliability 
 The ICC3,1 and Kappa values for analysis of interrater reliability are presented in 
Table 5.2.  The ICC3,1 values of 0.939 for the SLST and 0.942 for the SDT demonstrated 
excellent interrater reliability between the primary and secondary investigator in 
evaluating participants for total number of deviations for each repetition.  The Kappa 
values for the overall evaluation of passing or failing for each repetition of the SLST 
(0.933) and SDT (0.841) demonstrated excellent reliability. Kappa values for evaluation 
of the trunk, pelvis, hip, knee, and depth of squat demonstrated moderate to excellent 
interrater reliability for both the SLST (0.603-0.831) and SDT (0.745-0.943).  
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 SLST SDT 
ICC3,1  .939 .942 
Kappa: test pass/fail .933 .841 
Kappa: trunk .831 .933 
Kappa: pelvis .799 .745 
Kappa: hip .603 .943 
Kappa: knee .707 .899 
Kappa: depth of squat .604 .755 
 
Table 5.2: Interrater reliability statistics for the SLST and SDT. 
 
 
5.4.2 Validity 
 Of the 45 people who participated in this study, 11 were evaluated as passing the 
SLST and 6 were evaluated as passing the SDT.  The mean and SD values of IR, VAS, 
HOS-ADLs, and HOS-SRAs for participants passing and failing the SLST and SDT are 
presented in Table 5.3.  One-way ANOVAs were conducted to examine the relationship 
between those participants who passed and those who failed the SLST and SDT.  The 
results of these analyses for IR, VAS, HOS-ADLs, and HOS-SRAs are presented in 
Table 5.4.  There was a statistically significant difference between the participants who 
passed and failed for the following measures: VAS for the SLST [F(1,43) = 16.21, 
P<.001]; VAS for the SDT [F(1,43) = 13.41, P=.001]; HOS-ADLs for the SLST [F(1,40) 
= 5.15, P=.029]; HOS-SRAs for the SLST [F(1,40) = 7.48, P=.009]; and HOS-SRAs for 
the SDT [F(1,40) = 6.42, P=.015].  There was not a statistically significant difference for 
the following measures: IR for the SLST [F(1,43) = 0.63, P=.431]; IR for the SDT 
[F(1,43) = 0.14, P=.710]; and HOS-ADLs for the SDT [F(1,40) = 2.83, P=.101]. 
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 SLST (mean ± SD) SDT (mean ± SD) 
 Pass Fail Pass Fail 
IR (degrees) 28.6 ± 15.2 23.8 ± 18.1 22.5 ± 13.3 25.4 ± 18.1 
VAS (out of 10) 3.6 ± 1.6 5.8 ± 1.6 3.0 ± 0.9 5.6 ± 1.7 
HOS-ADL (out of 100) 78.8 ± 7.4 68.7 ± 14.1 79.7 ± 7.5 70.0 ± 13.7 
HOS-SRA (out of 100) 65.8 ± 7.1 48.9 ± 19.9 70.4 ± 6.3 50.5 ± 18.9 
 
Table 5.3: Means and SD for participants who passed and participants who failed the 
SLST and SDT. 
 
 
 
 SLST 
F-value (significance) 
SDT 
F-value (significance) 
IR  0.63 (.431) 0.14 (0.710) 
VAS  16.21 (.000)* 13.41 (.001)* 
HOS-ADL  5.15 (.029)* 2.83 (.101) 
HOS-SRA  7.48 (.009)* 6.42 (.015)* 
* - Significant at P<.05 
 
Table 5.4: One-way ANOVA results between participants who passed and participants 
who failed the SLST and SDT.  
 
 
5.5 Discussion 
Our study offers evidence of reliability and validity for the use of the SLST and 
SDT as measures of functional performance for people with nonarthritic hip pain and 
dysfunction. Our results confirm the first hypothesis, that there was moderate to excellent 
interrater reliability between a certified athletic trainer and orthopaedic surgeon in 
evaluating the SLST and SDT. While both the SLST and SDT were shown as reliable, a 
greater agreement was noted in the evaluation of the SDT.  The SDT was also shown to 
be more difficult to pass than the SLST for people with nonarthritic hip pain. Self-
reported pain and physical function during sports SRAs were shown to be significantly 
different between participants who passed and failed the SLST and SDT.  However, self-
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reported physical function in ADLs was only shown to be significantly different between 
those who passed and failed the SLST.  Due to the difficulty of test performance and the 
insignificant relationship with physical function in ADLs, the SDT could be suggestive of 
higher-level functional performance compared with the SLST. Therefore, the inclusion of 
both the SLST and SDT in a comprehensive clinical exam could effectively evaluate for 
limitations in the daily and sports-related function of people with nonarthritic hip 
pain.17,191  
 Diagnosis of nonarthritic hip pain is commonly evaluated through a combination 
of diagnostic imaging and a comprehensive clinical exam.7  Internal rotation is a common 
physical measurement assessed during an exam for people with intra-articular hip 
pathologies.  Limitation in IR could possibly affect the functional test performance of the 
SLST and SDT.  However, the results of our study demonstrated that there was not a 
statistically significant difference in IR between those who passed and those who failed 
the SLST and SDT.  Our results did not support the hypothesis that participants who 
passed the SLST and SDT would have greater passive IR than those who failed. The 
diverse representation of pathologies presented in our study could explain why the 
amount of IR did not influence test performance for both the SLST and SDT.  The 
presence of participants with dysplasia and structural instability as well as only 20 of the 
45 participants being diagnosed with FAI demonstrates that not all intra-articular 
conditions may cause a functional limitation of IR.  
 Together with a thorough physical exam, a comprehensive clinical exam should 
include the use of outcome measures that have been shown to be reliable and valid in 
constructing a satisfactory representation of a person’s self-reported pain and physical 
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function.  All participants were administered the VAS and HOS before performing the 
SLST and SDT.  By administering these measures, our study could determine the 
relationship of outcomes to a participant’s success in passing the SLST and SDT.  There 
was a statistically significant difference between the participants who passed and 
participants who failed the SLST for the VAS, HOS-ADLs, and HOS-SRAs.  Participants 
who passed the SLST demonstrated less pain, greater functional ability in their ADLs, 
and greater functional ability in their SRAs than those who failed.  Overall, there was a 
significant difference in self-reported pain and physical function during ADLs and SRAs 
between participants who passed and participants who failed the SLST.  This confirms 
our hypothesis that participants who passed the SLST would report less pain and greater 
levels of physical function in their ADLs and SRAs.  
 There was a statistically significant difference between the participants who 
passed and the participants who failed the SDT for the VAS and HOS-SRAs.  However, 
there was not a statistically significant difference for HOS-ADLs.  Participants who 
passed the SDT demonstrated less pain and greater functional ability in their SRAs than 
those who failed.  Those who passed the SDT did not demonstrate statistically more 
functional ability in their ADLs than those that failed.  However, there was still a mean 
score difference of 9.7 points between the 2 groups.  There was a significant difference in 
self-reported pain and physical function during SRAs between participants who passed 
and participants who failed the SDT.  While participants who passed the SDT reported 
less pain and greater function during their SRAs, they did not demonstrate greater 
function in ADLs. Due to the difficulty most participants had with test performance, the 
SDT could be indicative of higher-level function in participants with nonarthritic hip 
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pain, therefore not having a significant impact on the lower-level function associated with 
ADLs.  
 There are limitations present in our study that need to be considered when 
interpreting the results.  Internal rotation was evaluated visually by the secondary 
investigator during the comprehensive physical exam.  A previous study demonstrated 
that there was no significant difference between an experienced orthopaedic surgeon 
visually assessing hip IR compared with goniometric measurements performed by 2 
experienced physiotherapists.235  The secondary investigator had 11 years’ experience as 
an orthopaedic surgeon at the time of our study and was able to accurately assess for IR 
during the initial physical exam.  Other passive range of motion measurements could also 
have been evaluated in our study including hip flexion, extension, abduction, and external 
rotation for relationships to the functional performance tests and the participants assessed.  
Caution should also be exercised when generalizing the results of our study to other 
populations. Further studies are needed to confirm results with multiple testers of 
differing backgrounds (ie. physical therapist, primary care physician) and participants 
with other lower extremity and hip-specific disorders.   The use of 3-dimensional motion 
analysis technology could add quantitative analysis to validate the use of the SLST and 
SDT in future studies.   
 Deficiencies in neuromuscular control during dynamic weight-bearing activities 
have been shown to drastically change functional movement patterns and increase the 
risk for musculoskeletal injuries.33,36 The loss of strength, functional motion, and 
proprioception during weight-bearing activities combine to cause neuromuscular 
deficiencies that decrease the dynamic stability of the hip, pelvis, and trunk.32  
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Deficiencies in people with nonarthritic hip pain during dynamic movements should be 
evaluated before a rehabilitation intervention or conservative treatment is prescribed.37  
The use of both the SLST and SDT could be beneficial for evaluating and screening 
people reporting nonarthritic hip pain, however, these functional performance tests 
should not be used to indicate specific impairments.    
 
5.6 Conclusions  
 The results of our study demonstrate the ability of the SLST and SDT to assess 
people with differing diagnoses of intra-articular hip pathologies.  There was moderate to 
excellent interrater reliability for evaluating both the SLST and SDT.  There was a 
significant difference in self-reported pain and physical function during ADLs and SRAs 
between participants who passed and participants who failed the SLST.  There was a 
significant difference in self-reported pain and physical function during SRAs between 
participants who passed and participants who failed the SDT.  We offer evidence for the 
use of the SLST and SDT as reliable and valid functional performance tests in evaluating 
physical functional for people with nonarthritic hip pain. 
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Chapter 6 
Methods 
6.1 Experimental Design 
 A retrospective, cross-sectional study evaluating prospectively collected 
information to assess whether individuals with non-arthritic hip pain that improved 
functional movement control during the SLST and SDT had better PRO’s than those that 
did not improve, following the implementation of a rehabilitation protocol and home-
exercise program.  The clinical staff working under and including John J. Christoforetti, 
MD prospectively collected all information included in this study.  The research staff for 
Dr. Christoforetti accessed the patient data and de-identified the information into a cloud-
based software system.  The primary investigator (RPM) was supplied the de-identified 
information and completed data analysis and interpretation of the results. The dependent 
variables of interest were the evaluated PRO’s including: 1) current pain level (VAS), 2) 
hip outcome score (HOS) for limitations in activities of daily living (HOS-ADL), 3) 
sports-related activities (HOS-SRA), 4) percent global rating for activities of daily living 
(% - ADL), 5) percent global rating for sports-related activities (% - SRA), 6) categorical 
assessment of function; 7) patient satisfaction; and 8) the individual’s choice to proceed 
with surgical intervention or not.  The independent variable of interest was the evaluation 
of functional movement control by performance of the SLST and SDT from the initial 
evaluation to follow-up evaluation, following a rehabilitation intervention and a 
standardized home-exercise program.   
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6.2 Orthopaedic Treatment Clinical Outcomes Registry 
 The current study will retrospectively evaluate information that was prospectively 
collected for the Orthopaedic Treatment Clinical Outcomes Registry (OTCOR) 
established by John J. Christoforetti, MD under the Allegheny Springer Research 
Institute – West Penn Allegheny Health Systems Internal Review Board (ASRI – 
WPAHS IRB).  This outcomes registry operates under the Allegheny Health Network 
Research Policies and Procedures and all applicable federal and state laws and 
regulations including 45 CFR 46 and the HIPAA Privacy Rule. The information included 
in this registry was recorded by the research staff in such a manner that subjects cannot 
be identified, directly or through identifiers linked to the subjects. All data and records 
generated from this registry are kept confidential in accordance with the institutional 
polices and HIPAA on subject privacy.  
 The primary objective of the OTCOR registry is to produce a de-identified set of 
prospectively collected data from orthopaedic care delivered in the outpatient setting for 
analysis and reporting of patient-derived value.  This prospective data registry operates as 
a single center initiative for creation of a secure, electronic de-identified data repository. 
Research utilizing this registry is conducted on the de-identified data, which is not 
considered human subjects research. The use of the de-identified data set includes 
exportation for multicenter outcomes study participation and retrospective review for 
comparison of treatment outcomes. The individuals in this registry are prospectively 
recruited from the treating patient population of Dr. Christoforetti.  All subjects and 
parents/guardians (when applicable) approved and signed the written informed consent 
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and authorization to disclose protected health information for a research study established 
under the ASRI – WPAHS IRB. 
 The protocol for this registry requires entry of data points collected as part of 
standard orthopaedic care from Dr. Christoforetti’s sub-specialty practice in outpatient 
orthopaedic care. Only researchers who have completed CITI training have access to the 
patient data prior to de-identification and are necessary members of the clinical care 
team. The OTCOR study is conducted at the West Penn Hospital and outpatient 
orthopaedic offices of Allegheny Orthopaedic Associates.  The data collection is sourced 
from three primary locations: the outpatient medical record, the hospital radiology 
technology access software, and the practice management software for scheduling at the 
Allegheny Orthopaedic Associates. Data is queried by the research staff who are trained 
in handling of the protected health information and de-identification of such data for 
research.  Once stripped of the pertinent health information, the de-identified data will be 
stored in a secure cloud-based software storage program approved by the Allegheny 
Springer Research Institute – West Penn Allegheny Health Systems Internal Review 
Board (ASRI – WPAHS IRB). 
 The collected data points, including physical examination, PRO’s, radiographic 
findings, and all elements used in determining clinical care delivery, are entered into the 
de-identified database concurrent with routine medical record documentation.  The data 
collected from the outpatient medical record include: age, gender, sports or recreational 
activities of choice, mechanism of injury, diagnosis, procedures or treatments 
recommended, key physical exam findings supporting diagnosis and used in directing 
treatment, radiographic findings documented on routine radiographs or other outpatient 
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imaging studies, participation status in physical therapy or other non-surgical care 
pathway, and an office interaction record.  Patient-reported outcomes are collected for 
pre- and post-treatment time points per the routine practice of Dr. Christoforetti.  The 
data points collected are all considered portions of routine and follow-up care within the 
practice of Dr. Christoforetti.   
 Inclusion criteria for the OTCOR study includes: 1) males and females aged 1-
100, 2) completed office medical record and operative note (for operative patients), 3) 
past, present, and future treatment within the office of John J Christoforetti, MD for an 
ambulatory orthopaedic diagnosis and completion of informed consent document (for 
prospective portion), 4) parental/guardian permission (informed consent) and if 
appropriate, child assent, and 5) must be able to read and understand English and consent 
for themselves.  Exclusion criteria for this study includes any patient failing to sign the 
informed consent. 
 
6.3 Subjects   
 Subjects included in the current study were patients of Dr. Christoforetti who 
were clinically diagnosed and conservatively treated for non-arthritic hip pain from 
chondrolabral lesions caused by FAI, dysplasia and/or structural abnormalities. 
Participants must have had evaluations for both the initial (pre-) test performance of the 
SLST and SDT as well as follow-up (post-) test performance, following the completion 
of a rehabilitation intervention and a standardized home-exercise program.  Individuals 
who did not have a follow-up evaluation of the SLST and SDT were not included in the 
current study. All subjects and parents/guardians (when applicable) approved and signed 
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the written informed consent and authorization to disclose protected health information 
for the OTCOR study established under the ASRI-WPAHS IRB.  The sample size 
estimate of 42 was projected from a power analysis established in Section 6.7.  
 All data in the current study was retrospectively collected from a secure cloud-
based software storage program and was previously prospectively collected as part of the 
routine clinical care for patients with non-arthritic hip pain that are treated in the office of 
Dr. Christoforetti.  Demographic information included age, gender, height, weight, body 
mass index (BMI), side of involved hip, duration of symptoms, and intra-articular 
diagnosis.  The following PRO’s were collected for each participant from the initial and 
follow-up clinical evaluations: VAS; HOS-ADL, HOS-SRA, % - ADL, % - SRA, and the 
categorical assessment of function.  Patient satisfaction and the individual’s decision to 
proceed with surgical intervention or not, were also collected from the follow-up clinical 
evaluation.  
 
6.4 Instrumentation 
6.4.1 Patient-Reported Outcomes   
 Patient-reported outcomes administered by the clinical staff and included in this 
study are the visual analog scale (VAS); hip outcome score (HOS) for limitations in 
activities of daily living (HOS-ADL), sports-related activities (HOS-SRA), percent 
global rating for activities of daily living (% - ADL) and sports-related activities (% - 
SRA), and the categorical assessment of function; patient satisfaction; and the 
individual’s decision to proceed with surgery or not.  The PRO’s collected evaluated 
  
99 
 
perception of symptoms, functional limitations, health-related quality of life, and 
satisfaction ratings for quality of care.  Evidence for the diagnostic accuracy of these 
measures can be found in Chapter 2, section 2.3.2.2.3.1. 
 
6.4.2 The Single Leg Squat and Step-Down Tests 
 The protocols for administration of both the SLST and SDT for individuals with 
non-arthritic hip pain were derived from a recently performed systematic review (Chapter 
4) and incorporated into the routine practice by the clinical staff in the office of Dr. 
Christoforetti. A detailed demonstration of these protocols in Chapter 5 provides 
evidence of reliability and validity for the use of the SLST and SDT as measures of 
functional performance for individuals with non-arthritic hip pain and dysfunction.    
 All individuals wore shorts or tight-fitting pants that enabled the evaluators to 
observe their lower extremity position throughout the performance of both functional 
tests.  The clinical staff demonstrated test performance for both the SLST and SDT.  
Individuals were then instructed to perform both tests on the unaffected leg.  Three 
repetitions of each test were then completed for evaluation of ability to perform as well as 
understanding of the proper technique.  
 
6.4.2.1 Single Leg Squat Test  
 A “T” (6” horizontal and 10” vertical) was marked with 1 ½” white athletic tape 
on the floor.  Patients were instructed to stand barefoot with both legs shoulder width 
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apart and parallel, with arms positioned at their side.  They were instructed to place their 
unaffected foot on the long axis of the “T” shape with the second metatarsal aligned 
perpendicular to the stem but not touching the line.  The individuals then transitioned to a 
single leg-stance on the unaffected leg with the non-stance knee flexed to 90° and thigh 
vertically aligned with the stance leg.  While maintaining a straight trunk the participants 
were then instructed to squat down until they could no longer see the line in front of their 
toes (~45-60 degrees of flexion), while maintaining a balanced and controlled motion at a 
rate of 1 squat per 2 seconds (Figure 6.1). 
 
 
Figure 6.1: The single leg squat test. A – initial test position. B – squat position. 
 
 
A B 
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6.4.2.2 Step-Down Test  
 Patients were instructed to stand barefoot with both legs shoulder width apart and 
parallel, with arms positioned at their side on a standardized step that is 20-25 cm high.  
They were then asked to transition to a single leg-stance on the unaffected leg with the 
non-stance knee extended out from the step with the foot in dorsiflexion.  The stance leg 
is positioned so that the toes are even with the front edge of the step. While maintaining a 
straight trunk, individuals were then instructed to bend their knee on the stance leg until 
the heel of the contralateral leg touches the floor. Without putting weight on the heel, 
they returned to the starting position at a rate of 1 squat per 2 seconds (Figure 6.2).   
 
 
Figure 6.2: The step-down test. A – initial test position. B – step-down position. 
 
A B 
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6.4.2.3 Functional Performance Test Evaluation  
 An assessment of 3 trials of the SLST and SDT for the affected extremity were 
then performed in front of the clinical staff.  The order of testing for the SLST and SDT 
was randomized for all individuals.  Forms were completed by the clinical staff 
evaluating the individuals test performance for the SLST (Figure 6.3) and SDT (Figure 
6.4).  Each repetition for both the SLST and SDT on the affected extremity was evaluated 
for six criteria including: 1) overall impression of the trials (including balance and 
evaluation of the arm strategy), 2) posture or movement of the trunk, 3) posture or 
movement of the pelvis, 4) hip joint movement and posture, 5) knee joint movement and 
posture, and 6) depth of squat.201-204   Each repetition was graded as “positive for 
deviation” with a 1 or “negative for deviation” with a 0, for all six criteria.  Each 
repetition was given a total score of 0 to 6, with 0 being “negative for any deviation” and 
6 being “positive for all deviations.” The lowest score of the three repetitions was taken 
for both the initial (pre-test) and follow-up (post-test) evaluation of both the SLST and 
SDT. 
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  Repetition 1 Repetition 2 Repetition 3 
Trunk 
Movement 
 
 
Forward lean    
Lateral flexion    
Lateral 
rotation 
   
Thoracic 
rotation 
   
Posture of 
Pelvis 
Compensated 
Trendelenburg 
   
Rotation    
Posture of 
Hip 
Adduction    
Internal 
rotation 
   
Posture of 
knee 
Valgus    
Tremor    
Depth of 
squat 
Orientation to 
“T” 
   
Bilateral 
comparison 
   
Overall 
impression  
Balance    
Gross arm 
deviation 
   
Ability to 
perform test 
   
Grade (X/6):    _________      _________       ________  
 
 
Figure 6.3: Single leg squat evaluation form. 
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  Repetition 1 Repetition 2 Repetition 3 
Trunk 
Movement 
 
 
Forward lean    
Lateral flexion    
Lateral 
rotation 
   
Thoracic 
rotation 
   
Posture of 
Pelvis 
Compensated 
Trendelenburg 
   
Rotation    
Posture of 
Hip 
Adduction    
Internal 
rotation 
   
Posture of 
knee 
Valgus    
Tremor    
Depth of 
squat 
Ability to 
touch heel to 
ground with 
return 
   
    
Overall 
impression  
Balance    
Gross arm 
deviation 
   
Ability to 
perform test 
   
Grade (X/6):    _________      _________       ________ 
 
 
Figure 6.4: Step-down test evaluation form. 
 
6.4.3 Rehabilitation Intervention  
 All individuals performed a rehabilitation intervention focused on patient 
education, activity modification, limitation of aggravating factors, an individualized 
physical therapy protocol, and home-exercise program.  Supervised physical therapy was 
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provided by the Athletic Trainer and/or Physical Therapist of the patient’s choosing.  The 
individualized physical therapy protocol focused on addressing biomechanical 
deficiencies with neuromuscular training of the hip and lumbopelvic regions. The home-
exercise program distributed to the patients reflected the best available evidence from a 
recently performed systematic review, which is presented in Chapter 3 and was 
incorporated into the routine practice by the clinical staff in the office of Dr. 
Christoforetti.  Participants completed 4 exercises (~15 minutes) of the provided home-
exercise program (Appendix B) on the week-days when they were not participating in a 
supervised physical therapy intervention.  The patient was instructed to cycle through the 
12 total exercises during the week, while not repeating an individual exercise on back-to-
back days.  This rehabilitation intervention was established to imitate a normal referral 
for conservative management for individuals seen in an orthopaedic surgeon’s office.   
  The follow-up evaluation took place after a minimum 4-weeks of participation in 
the rehabilitation intervention.  Each participant was instructed to schedule a follow-up 
appointment before leaving the office of the secondary investigator during their initial 
evaluation. 
 
6.5 Procedures  
  The following information was retrospectively collected from the OTCOR 
registry by the research staff in the office of John J. Christoforetti, MD: age, gender, 
height, weight, body mass index (BMI), side of involved hip, duration of symptoms, 
intra-articular diagnosis, VAS, HOS-ADL, HOS-SRA, % - ADL, % - SRA, the 
  
106 
 
categorical assessment of function, patient satisfaction, the individual’s decision to 
proceed with surgical intervention or not, and evaluations for test performance of the 
SLST and SDT from both the initial and follow-up clinical evaluations.  The research 
data for the current study was de-identified so that subjects could not be identified, directly 
or through identifiers linked to the subjects.  The information attained from this 
retrospective analysis was recorded in a deidentified, Microsoft® Excel spreadsheet 
(Version 1708, Redmond, WA) by the research staff in Dr. Christoforetti’s office.  Data 
analysis and interpretation of the results were then performed by the primary investigator 
from this de-identified spreadsheet.  
 
6.6 Statistical Analysis 
 A one-tail, independent t-test with a pre-determined alpha set of 0.05 was 
performed for each continuous PRO (VAS, HOS-ADL, HOS-SRA, % - ADL, % - SRA). 
These analyses determined whether the mean change in PRO scores were significantly 
different between individuals that improved and those that did not improve their 
functional movement control during performance of the SLST and SDT (for pre- and 
post- rehabilitation intervention evaluations). The dependent variable for each 
independent t-test was the mean change from an initial (pre-) to follow-up (post-) PRO 
score following rehabilitation intervention. The independent variable was the evaluation 
of change (improved or did not improve) for functional movement control during 
performance of the SLST and SDT between an initial (pre-) and follow-up (post-) 
evaluation. 
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 A one-way analysis of covariance (ANCOVA) with a pre-determined alpha set of 
0.05 was performed for each continuous PRO (VAS, HOS-ADL, HOS-SRA, % - ADL, 
% - SRA).  These analyses determined whether the post-rehabilitation intervention PRO 
scores were significantly different between individuals that improved and those that did 
not improve their functional movement control during performance of the SLST and SDT 
(for pre- and post- rehabilitation intervention evaluations).  The dependent variable for 
each ANCOVA was the post-rehabilitation intervention PRO score; the independent 
variable was the evaluation of change (improved or did not improve) for functional 
movement control during performance of the SLST and SDT between an initial (pre-) 
and follow-up (post-) evaluation; and the covariate was the pre-rehabilitation intervention 
PRO score.  
 A Fisher’s exact test with a pre-determined alpha set of 0.05 was performed for 
each categorical PRO (categorical rating of function, patient satisfaction, and choice for 
surgical intervention or not).  These analyses determined whether a significant 
relationship was present between the PRO’s and individuals that improved and those that 
did not improve their functional movement control during performance of the SLST and 
SDT. The dependent variables for the three Fisher exact tests were the categorical rating 
of function (improved or did not improve), patient satisfaction (yes or no), and choice for 
surgical intervention or not (yes or no).  The independent variable for each analysis was 
the evaluation of change (improved or did not improve) in an individual’s functional 
movement control during performance of the SLST and SDT between an initial (pre-) 
and follow-up (post-) evaluation. All data was analyzed using a common statistical 
software program (IBM SPSS Statistics, Version 23, Armonk, NY).   
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6.7 Power Analysis 
 To determine the sample size needed for this study, a power analysis (G*Power 
3.1.9.2, Universität Dusseldorf, Dusseldorf, Germany) was performed based on a one-tail 
(a-priori), t-test with the difference between two independent means (two groups).  The 
one-tail power analysis was derived from the expected difference in HOS-SRA scores 
between individuals who improved and those that did not improve from their initial (pre-
test) to follow-up (post-test) evaluation for performance of the SLST and SDT, following 
the implementation of a rehabilitation protocol and home-exercise program.  For the 
current study we utilized the estimated effect size (Cohen’s d) of 0.80 based on 
Cohen’s126 reporting of a large effect size for an independent t-test calculation.  The 
determination to estimate a large effect size was founded from Martin & Philippon’s122 
evaluation of responsiveness for the HOS-SRA.  Their study reported a large effect size 
(Cohen’s d = 1.5) for the difference between a “change” group and “stable” group, 7-
months after hip arthroscopy for individuals with non-arthritic hip pain.122 A large effect 
size was also shown for differences in the HOS-SRA score between individuals that were 
graded as “passing”  and “failing” in functional performance of both the SLST and SDT 
in the study presented in Chapter 5.  The difference in HOS-SRA scores of individuals 
that “passed” and “failed” for the SLST (mean=65.8, SD=7.1 vs. mean=48.9, SD=19.9) 
and SDT (mean=70.4, SD=6.3 vs. mean=50.5, SD=18.9) demonstrated large effect sizes 
of Cohen’s d = 1.13 and Cohen’s d = 1.41, respectively.  Also included in this power 
analysis calculation was an alpha error probability = 0.05, power value = 0.80, and an 
allocation ratio (N2/N1) = 1, to produce a sample size of 42.  
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Chapter 7 
Results 
7.1 Subjects 
 Forty-six individuals consecutively diagnosed and referred for a rehabilitation 
intervention were retrospectively included in this study. This population included 31 
females and 15 males with a mean age of 30 years (range = 14-61; SD = 12), height of 
170.7 cm (range = 154.9-193; SD = 9.2), weight of 74.3 kg (range = 51.7-119.7; SD = 
14.7), and body mass index (BMI) of 25.5 (range = 16.6-37.3; SD = 4.2). These 
physically active individuals reported an average of 10 months (range = 1-36; SD = 10) 
for duration of symptoms (DOS) relating to their non-arthritic hip pain prior to the initial 
clinical evaluation.  They were evaluated by Dr. Christoforetti and diagnosed with one or 
more of the following pathologies: 46 with acetabular labral tears (100%), 21 with FAI 
(46%, 18 cam and 3 pincer deformities), 13 with structural instability (28%), 9 with 
chondral deformities (20%), and 8 with dysplasia (17%).   Following the completion of 
an individualized physical therapy intervention and home-exercise program, individuals 
were evaluated at an average of 8 weeks (range = 4-19; SD = 3) from their initial 
consultation.  A total of 30 individuals improved and 16 did not improve their functional 
movement control during performance of the SLST, while 31 improved and 15 did not 
improve their functional movement control during performance of the SDT.  Twenty-six 
individuals improved their functional movement control during both the SLST and SDT, 
4 improved their functional movement control for only the SLST, 5 improved their 
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functional movement control for only the SDT, and 11 did not improve their functional 
movement control for either the SLST and SDT.   The average age, height, weight, BMI, 
and DOS for those that improved and did not improve their functional movement control 
for both the SLST and SDT are reported in Table 7.1.  The ratios for gender and the 
involved extremity for each group are also reported in Table 7.1. 
 
 
 
Table 7.1: Mean and standard deviations for age, height, weight, BMI, DOS, and the 
ratios of gender and the involved extremity. 
 
 
 Results of independent t-tests demonstrated no statistical difference between 
individuals that improved and those that did not improve their functional movement 
control during performance of the SLST and SDT for age (SLST p=.676; SDT p=.419), 
height (SLST p=.472; SDT p=.313), weight (SLST p=.336; SDT p=.942), BMI (SLST 
p=.485; SDT p=.390), and DOS (SLST p=.064; SDT p=.124).    
 The mean and standard deviation values for the continuous PRO’s collected at the 
initial and follow-up evaluations are organized into those that improved and those that 
 SLST  SDT Total 
 mean ± SD mean ± SD mean ± 
SD 
 Improved Did Not 
Improve 
Improved Did Not 
Improve 
 
Age 30 ± 12.2 29 ± 12.0 29 ± 11.9 32 ± 12.3 30 ± 12 
Height (cm) 171.4 ± 8.5 169.3 ± 10.4 171.6 ± 9.1 168.7 ± 9.3 170.7 ± 9.2 
Weight (kg) 75.9 ± 15.7 71.4 ± 12.4 74.3 ± 15.5 74.6 ± 13.4 74.3 ± 14.7 
BMI  25.8 ± 4.7 24.9 ± 3.2 25.1 ± 4.2 26.3 ± 4.5 25.5 ± 4.2  
DOS (months) 7.5 ± 8.3 13.2 ± 12.0 7.9 ± 8.8 12.7 ± 11.8 10 ± 10 
Gender 
(females:males) 
20:10 11:5 20:11 11:4 31:15 
Extremity 
(right:left) 
16:14 8:8 14:17 10:5 24:22  
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did not improve their functional movement control during performance of the SLST and 
SDT and are provided in Table 7.2 and Table 7.3, respectively.   
 
 Improved  Did Not Improve 
 mean ± SD mean ± SD 
 Initial 
Evaluation 
Follow-up 
Evaluation 
Initial 
Evaluation 
Follow-up 
Evaluation 
VAS (out of 10) 3.9 ± 1.9 2.0 ± 2.2 4.6 ± 1.9 4.4 ± 2.1 
HOS-ADL (out of 100) 72.6 ± 14.7 82.4 ± 16.6 63.3 ± 17.1 61.9 ± 20.4 
HOS-SRA (out of 100) 56.1 ± 22.0 72.1 ± 26.0 45.1 ± 21.6 42.6 ± 26.5 
% - ADL (out of 100) 63.4 ± 23.3 77.6 ± 22.1 53.2 ± 19.6 43.7 ± 24.8 
% - SRA (out of 100) 43.4 ± 28.5 65.3 ± 31.0 26.1 ± 25.1 28.3 ± 25.9 
 
Table 7.2: Initial and follow-up mean and standard deviation values for continuous 
patient-reported outcomes of individual that improved and did not improve their 
functional movement control during performance of the SLST. 
 
 
 
 Improved  Did Not Improve 
 mean ± SD mean ± SD 
 Initial 
Evaluation 
Follow-up 
Evaluation 
Initial 
Evaluation 
Follow-up 
Evaluation 
VAS (out of 10) 4.0 ± 1.9 2.1 ± 2.1 4.5 ± 1.9 4.3 ± 2.4 
HOS-ADL (out of 100) 71.7 ± 15.7 80.9 ± 17.5 64.6 ± 16.1 63.6 ± 21.4 
HOS-SRA (out of 100) 54.6 ± 22.2 69.5 ± 26.3 47.5 ± 22.2 45.9 ± 30.3 
% - ADL (out of 100) 62.4 ± 23.3 75.6 ± 21.9 54.5 ± 20.0 45.5 ± 29.1 
% - SRA (out of 100) 44.0 ± 27.9 63.5 ± 29.5 22.6 ± 24.2 29.5 ± 32.1 
 
Table 7.3: Initial and follow-up mean and standard deviation values for continuous 
patient-reported outcomes of individual that improved and did not improve their 
functional movement control during performance of the SDT. 
  
 The 2 X 2 contingency table for the categorical rating of function for individuals 
that improved and those that did not improve their functional movement control during 
performance of the SLST and SDT is provided in Table 7.4.  The 2 X 2 contingency 
tables for patient satisfaction with the rehabilitation intervention and the individual’s 
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decision to proceed with surgical intervention or not are provided in Table 7.5 and Table 
7.6, respectively. 
 
 
 SLST  SDT  
Categorical Function Improved Did Not 
Improve 
Improved Did Not 
Improve 
Improved 16 4 15 5 
Did Not Improve 14 12 16 10 
 
Table 7.4: Change in categorical rating of function following rehabilitation and home 
exercise program. 
 
 
 
 SLST  SDT  
Patient Satisfaction Improved Did Not 
Improve 
Improved Did Not 
Improve 
Yes 28 3 27 4 
No 2 13 4 11 
 
Table 7.5: Patient satisfaction with the rehabilitation intervention and home exercise 
program. 
 
 
 
 SLST  SDT  
Surgery Improved Did Not 
Improve 
Improved Did Not 
Improve 
Yes 7 12 8 11 
No 23 4 23 4 
 
Table 7.6: Surgical decision following the rehabilitation intervention and home exercise 
program. 
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7.2 Statistical Results 
 A one-tail, independent t-test was performed to explore the effect of the 
rehabilitation intervention and home exercise program on the mean change for each 
continuous PRO score (VAS, HOS-ADL, HOS-SRA, % - ADL, % - SRA) for those 
individuals that improved and did not improve their functional movement control during 
performance of the SLST and SDT.  The results of these analyses are presented in Table 
7.7.  There was a statistically significant difference between individuals that improved 
and those that did not improve their functional performance for the following measures: 
VAS for SLST, VAS for the SDT, HOS-ADL for the SLST, HOS-ADL for the SDT, 
HOS-SRA for the SLST, HOS-SRA for the SDT, % - ADL for the SLST, % - ADL for 
the SDT, and % - SRA for the SLST.  There was not a statistically significant difference 
for % - SRA for the SDT. 
 
 SLST SDT 
 t-value (p-value) t-value (p-value) 
VAS -2.587 (.007)* -2.583 (.007)* 
HOS-ADL 2.780 (.004)* 2.459 (.009)* 
HOS-SRA 2.955 (.003)* 2.553 (.007)* 
% - ADL 3.100 (.002)* 2.811 (.004)* 
% - SRA 2.088 (.022)* 1.338 (.094) 
*Significant at p<0.05 
 
Table 7.7: Summary table for the one-tail independent t-tests for mean change in 
continuous PRO scores. 
 
 A one-way analysis of covariance was performed to explore the effect of the 
rehabilitation intervention and home exercise program on the post-rehabilitation 
continuous PRO score (VAS, HOS-ADL, HOS-SRA, % - ADL, % - SRA) for those 
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individuals that improved and did not improve their functional movement control during 
performance of the SLST and SDT.  The results of these analyses are presented in Table 
7.8.  There was a statistically significant difference between individuals that improved 
and those that did not improve their functional performance for the following measures: 
VAS for SLST, VAS for the SDT, HOS-ADL for the SLST, HOS-ADL for the SDT, 
HOS-SRA for the SLST, HOS-SRA for the SDT, % - ADL for the SLST, % - ADL for 
the SDT, % - SRA for the SLST, and % - SRA for the SDT. 
 
 SLST SDT 
 F-value (p-value) F-value (p-value) 
VAS 11.879 (.001)* 9.997 (.003)* 
HOS-ADL 9.558 (.003)* 6.966 (.012)* 
HOS-SRA 10.668 (.002)* 7.273 (.010)* 
% - ADL 19.158 (.000)*  13.741 (.001)* 
% - SRA 10.643 (.002)* 6.206 (.017)* 
*Significant at p<0.05 
 
Table 7.8: Summary table for one-way analyses of covariance for post-rehabilitation 
continuous PRO scores. 
 
 A Fisher’s exact test was performed to explore the effect of the rehabilitation 
intervention and home exercise program on the relationship between each categorical 
PRO (categorical rating of function, patient satisfaction, and choice for surgical 
intervention or not) and the individuals that improved and did not improve their 
functional movement control during performance of the SLST and SDT.  The results of 
these analyses are presented in Table 7.9.  There was a statistically significant 
relationship between those individuals that improved and those that did not improve their 
functional performance for both the SLST and SDT with patient satisfaction and surgery.  
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There was not a statistically significant relationship between those individuals that 
improved and those that did not improve their functional performance for both the SLST 
and SDT with their categorical rating of function. 
  
 
 
 SLST SDT 
 p-value  p-value 
Categorical Rating of Function  
(Improved or Did Not Improve) 
.117 .365 
Patient Satisfaction  
(Yes or No) 
.000* .000* 
Surgery 
(Yes or No) 
.001* .004* 
*Significant at p<0.05 
 
Table 7.9: Summary table for Fisher’s exact test for categorical PRO scores. 
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Chapter 8 
Discussion 
8.1 Introduction 
 The purpose of this study was to determine if individuals with non-arthritic hip 
pain that improved their functional movement control during the SLST and SDT would 
have better PRO’s than those that did not improve, following the implementation of a 
rehabilitation intervention and a standardized home-exercise program.  It was 
hypothesized that individuals who improved their functional movement control during 
performance of the SLST and SDT would have better PRO’s than those that did not 
improve.  Specifically, the individuals with improved functional movement control would 
have the following: 1) lower reported pain levels; 2) higher scores on the HOS-ADL, 
HOS-SRA, % - ADL, % - SRA; 2) better categorical rating of function; 3) higher level of 
satisfaction and 4) lower rate of choosing surgery than those that did not improve. The 
results of the current study supported the hypothesis.  Individuals who improved their 
functional movement control for the SLST and SDT reported less pain (VAS), higher 
scores for functional ability in their daily and sports-related activities (HOS-ADL and 
HOS-SRA), higher scores for their global rating of functional ability in their daily and 
sport-related activities (% - ADL and % - SRA), higher patient satisfaction, and lower 
rates of surgery than those that did not improve after an average 8-week rehabilitation 
intervention and standardized home-exercise program.   
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 The following discussion will focus on the different PRO’s for those individuals 
that improved and those that did not improve their functional movement control during 
performance of the SLST and SDT.  The clinical implications will be discussed with 
consideration for the limitations of the current study that may affect the interpretation of 
these results. This discussion will conclude with recommendations for future 
investigations that could build upon the results of the current study. 
 
8.2 Functional Movement Control  
 The main finding from the current study was that individuals who improved their 
functional movement control during performance of the SLST and SDT over an average 
8-week timeframe reported significantly better PRO scores in comparison to those that 
did not improve.  A total of 65% (30/46) and 67% (31/46) of individuals in the current 
study improved their functional movement control during performance of the SLST and 
SDT, respectively, following the implementation of a rehabilitation intervention and a 
standardized home-exercise program.  Individuals that improved their functional 
movement control during performance of the SLST and SDT started with a mean of 4.5 ± 
0.82 (mean ± SD) and 5.4 ± 0.79 positive deviations, respectively.  At their follow-up 
evaluation those that improved demonstrated a mean of 3.0 ± 1.03 and 3.6 ± 1.29 positive 
deviations during performance of the SLST and SDT, respectively.  Conversely, 
individuals that did not improve their functional movement control during performance 
of the SLST an SDT started with a mean of 4.4 ± 1.02 and 5.1 ± 1.10 positive deviations, 
respectively.  At their follow-up evaluation those that did not improve demonstrated a 
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mean of 4.6 ± 0.96 and 5.3 ± 1.29 positive deviations during performance of the SLST 
and SDT, respectively.  Those individuals that improved their functional movement 
control demonstrated an average improvement of nearly 2 deviations for both the SLST 
and SDT, while those that did not improve demonstrated the same number of deviations 
and in some cases an increase in positive deviations.  
 The effect size is a standardized measure of change that identifies the size or 
magnitude of the differences between the two groups.126,236  The effect size (Cohen’s d) 
was calculated for each independent t-test comparing the continuous variables (VAS, 
HOS-ADL, HOS-SRA, % - ADL, % - SRA) for those that improved and did not improve 
their functional movement control during performance of the SLST and SDT.  These 
values are provided in Table 8.1.  A Cohen’s d value for an independent t-test is 
classified as having a “ large effect size” if greater than 0.80, a “medium effect size” if 
greater than 0.50, and having a “small effect size” if greater than 0.20.126 
 
 SLST SDT 
 Cohen’s d Cohen’s d 
VAS 0.82* 0.91* 
HOS-ADL 0.94* 0.84* 
HOS-SRA 0.95* 0.83* 
% - ADL 1.02* 0.88* 
% - SRA 0.71ǂ 0.46^ 
* - large effect size; ǂ - medium effect size; ^ - small effect size 
Table 8.1: Effect size for the continuous PRO’s. 
 
Therefore, mean values for the VAS, HOS-ADL, HOS-SRA, and % - ADL were found to 
be largely different between those individuals that improved and did not improve their 
functional movement control for both the SLST and SDT.  The mean values for % - SRA 
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were found to have a “medium effect size” (Cohen’s d = 0.71) for the SLST and a “small 
effect size” (Cohen’s d = 0.46) for the SDT.  All Cohen’s d values were above 0.20, 
which would classify improving functional movement control during the SLST and SDT 
as having an “observable” or “plainly evident” effect on all continuous dependent 
variables.126 According to Cohen,126 there is still a observable difference for % - SRA 
between those that improved and did not improve their functional movement control 
during performance of the SLST and SDT despite these “medium” and “small” effect 
sizes.   
 
8.3 Patient-Reported Outcomes 
 Along with the evaluation of functional movement control, outcomes measures 
are used by healthcare providers to collect an individual’s perception of symptoms, their 
self-reported functional limitations, health-related quality of life, and satisfaction levels 
relating to quality of care.113 The use of PRO’s in the evaluation of non-arthritic hip pain 
should incorporate both hip specific outcome measures as well as generic outcome 
measures that assess for pain and quality of life.115  Patient-reported outcomes should be 
included in the initial assessment as well as all follow-up evaluations to monitor any 
change in functional deficiencies and/or limitations.13    The PRO’s included in the 
current study were used to evaluate each individual’s perceived levels of dysfunction 
before and after the implementation of a rehabilitation intervention and a standardized 
home-exercise program.  The mean change for the continuous PRO’s of those that 
improved and did not improve their functional movement control during performance of 
the SLST and SDT is presented in Table 8.2.  
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 SLST  SDT  
 mean ± SD mean ± SD 
 Improved Did Not 
Improve 
Improved Did Not 
Improve 
VAS  -1.9 ± 2.4 -0.2 ± 1.7 -1.9 ± 2.3 -0.1 ± 1.6 
HOS-ADL  9.7 ± 14.8 -1.4 ± 7.7 9.2 ± 14.4 -1.0 ± 9.5 
HOS-SRA  15.9 ± 21.7 -2.4 ± 16.5 14.9 ± 21.6 -1.6 ± 18.0 
% - ADL  14.2 ± 27.8 -9.5 ± 17.4 13.2 ± 24.7 -9.0 ± 26.0 
% - SRA  22.0 ± 34.4 3.1 ± 14.7 19.6 ± 33.8 6.9 ± 20.0 
 
Table 8.2: Mean change of continuous PRO’s from initial to follow-up evaluation. 
 
8.3.1 Visual Analog Scale  
 Most PRO’s utilized in the assessment of non-arthritic hip pain do not assess for 
an individuals reported pain level.116  The VAS is commonly used to assess pain in the 
orthopaedic settings, including hip arthroscopy.  Despite its common use, there is limited 
evidence to support interpreting change in VAS scores.  The VAS has been shown to be a 
reliable and valid psychometric response scale for pain in patients with spine fractures 
and dislocations.118  The responsiveness of testing for the VAS score has been shown 
with a minimal clinically important differences (MCID) value of 1.4 for individuals 
treated for rotator cuff disease of the shoulder after 6 weeks of non-operative care.119  The 
current study demonstrated a mean decrease in reported pain levels of 1.9 ± 2.4 and 1.9 ± 
2.3 for individuals that improved their functional movement control during performance 
of the SLST and SDT, respectively.  This improvement was significantly greater than the 
0.2 ± 1.7 and 0.1 ± 1.6 decrease in reported pain levels for those that did not improve 
their functional movement control during performance of the SLST and SDT, 
respectively.  Individuals who improved their functional movement control not only 
reported statistically less pain (independent t-test and ANCOVA) but also demonstrated a 
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clinically meaningful decrease in pain than those that did not improve during 
performance of the SLST and SDT. 
 
8.3.2 Hip Outcome Score 
 The HOS is a commonly used self-reported outcome measurement that accounts 
for limitations in activities of daily living and sports-related activities and has shown 
evidence of reliability, validity, and responsiveness for those with FAI and labral 
pathologies.121-123,125     Studies have also demonstrated “large effect sizes” for the HOS-
ADL and HOS-SRA as 1.2 and 1.5, respectively.122,126  From the area under the ROC 
curves the HOS-ADL was determined to have an MCID value of 9 points, while HOS-
SRA demonstrated an MCID value of 6 points.122  The results from the current study 
demonstrated a clinically meaningful change of 9.7 ± 14.8 and 9.2 ± 14.4 on the HOS-
ADL for those individuals that improved their functional movement control for the SLST 
and SDT, respectively.  In comparison, those individuals that did not improve their 
functional movement control for the SLST and SDT reported a mean change of -1.4 ± 7.7 
and     -1.0 ± 9.5 on the HOS-ADL, respectively.  A clinically meaningful change of 15.9 
± 21.7 and 14.9 ± 21.6 was also shown on the HOS-SRA for those individuals that 
improved their functional movement control for the SLST and SDT, respectively.  In 
comparison, those individuals that did not improve their functional movement control for 
the SLST and SDT reported a mean change of -2.4 ± 16.5 and -1.6 ± 18.0 on the HOS-
SRA, respectively.  Individuals who improved their functional movement control during 
the SLST and SDT not only reported statistically significant improvements in their 
activities of daily living and sports-related activities (independent t-test and ANCOVA) 
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but also demonstrated a clinically meaningful increase in function compared to those that 
did not improve. 
 
8.3.3 Generic Ratings of Function 
 Along with the HOS-ADL and HOS-SRA subscales, individuals completing the 
HOS were asked to generically rate their current level of function with a global 
percentage of function and categorical rating of function.122,124 Although the 
quantification for global percentage of function and the categorical rating of function are 
commonly performed in the clinical setting, information regarding their psychometric 
properties have not previously been reported.  The results from the current study 
demonstrated a mean change of 14.2 ± 27.8 and 13.2 ± 24.7 on the % - ADL for those 
individuals that improved their functional movement control for the SLST and SDT, 
respectively.  In comparison, those individuals that did not improve their functional 
movement control for the SLST and SDT reported a mean change of -9.5 ± 17.4 and -9.0 
± 26.0 on the % - ADL, respectively.  There was also a large mean change of 22.0 ± 34.4 
and 19.6 ± 33.8 on the % - SRA for those individuals that improved their functional 
movement control for the SLST and SDT, respectively.  In comparison, those individuals 
that did not improve their functional movement control for the SLST and SDT reported a 
mean change of 3.1 ± 14.7 and 6.9 ± 20.0 on the % - SRA, respectively.  There was a 
statistically significant difference for the reported % - ADL (independent t-test and 
ANCOVA) and % - SRA (independent t-test and ANCOVA) between those that 
improved their functional movement control and those that did not during performance of 
the SLST.   While there was a statistically significant difference for the reported % - 
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ADL (independent t-test and ANCOVA) and % - SRA (ANCOVA) between those that 
improved their functional movement control and those that did not during performance of 
the SDT, the independent t-test analysis for the reported % - SRA did not demonstrate a 
statistically significant difference. One possible explanation could be that individuals 
would not return to full sports participation without first consulting the treating 
orthopaedic surgeon at the follow-up evaluation.    However, there was still a mean score 
difference of 12.7 percentage points between the two groups. 
 The generic rating of function was included as an overall categorical rating of 
function for each individual.122,123  A reported change in function was noted if the 
individuals evaluation from the initial to follow-up was different for the following:  
“normal” = 0, “nearly normal” = 1, “abnormal” = 2, or “severely abnormal” = 3. The 
initial and follow-up categorical ratings of function for individuals that improved and did 
not improve their functional movement control during performance of the SLST and SDT 
are presented in Table 8.3 and 8.4, respectively.  
 
 Improved  Did Not Improve 
 (out of 30) (out of 16) 
 Initial 
Evaluation 
Follow-up 
Evaluation 
Initial 
Evaluation 
Follow-up 
Evaluation 
Normal 0 8 0 1 
Nearly normal 14 14 2 1 
Abnormal 15 8 11 12 
Severely abnormal  1 0 3 2 
 
Table 8.3: Initial and follow-up categorical ratings of function for individuals that 
improved and did not improve their functional movement control during performance of 
the SLST.  
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 Improved  Did Not Improve 
 (out of 31) (out of 15) 
 Initial 
Evaluation 
Follow-up 
Evaluation 
Initial 
Evaluation 
Follow-up 
Evaluation 
Normal 0 7 0 2 
Nearly normal 13 14 3 1 
Abnormal 17 10 9 10 
Severely abnormal  1 0 3 2 
 
Table 8.4: Initial and follow-up categorical ratings of function for individuals that 
improved and did not improve their functional movement control during performance of 
the SDT.  
 
 
 
There was not a statistically significant difference between those individuals that 
improved and those that did not improve their functional performance for both the SLST 
and SDT with their categorical rating of function. One possible explanation for this could 
be that the categorical rating of function with 4 choices was not sensitive enough to 
identify changes.  However, there is an observable increase in the reporting of function as 
“normal” or “nearly normal” for individuals that improved their functional movement 
control for both the SLST (Table 8.3) and SDT (Table 8.4). 
 
8.3.4 Patient Satisfaction  
 Patient satisfaction should be included in all clinical evaluations, particularly with 
the recent emphasis on reporting patient’s perspectives on improvements in their overall 
quality of life.115,127  During the follow-up evaluation and prior to the assessment of 
performance for the SLST and SDT, each individual was asked, “Are you satisfied with 
the rehabilitation intervention and standardized home-exercise program that we have 
provided?”  Each individual was asked to answer with a response of “yes” or “no.”  A 
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significant number of individuals that improved their functional movement control for the 
SLST (93%, 28/30) and SDT (87%, 27/31) responded that they were satisfied with the 
prescribed rehabilitation intervention and standardized home-exercise program, while a 
significant number of those that did not improve for the SLST (81%, 13/16) and SDT 
(73%, 11/15) reported that they were not satisfied.  It should be noted that 19% (3/16) 
and 27% (4/15) of individuals who did not improve their functional performance during 
the SLST and SDT were still satisfied with the prescribed intervention, respectively.  In 
these cases, it may be that the individuals were satisfied with their treatment, even though 
they did not improve their functional movement control. The overall satisfaction with 
treatment that was observed in the current study is encouraging for future research of the 
non-operative management of non-arthritic hip pain associated with intra-articular 
pathologies.  
 
8.3.5 Surgical Intervention 
 Previous studies have demonstrated that individuals who underwent surgical 
interventions for chondrolabral pathologies relating to FAI and dysplasia reported a 
decrease in pain, improvements in function, and a high level of satisfaction with the 
surgical procedure.39,57-59  Despite the frequency of surgery and the positive PRO’s 
associated with these interventions, there are limitations in the examination procedure 
that will help to determine which individuals warrant surgical intervention.20,60-62  In the 
current study a significant number of individuals that improved their functional 
movement control for the SLST (77%, 23/30) and SDT (74%, 23/31) chose to return to 
activities without surgical intervention, while a significant number of those that did not 
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improve for the SLST (75%, 12/16) and SDT (73%, 11/15) chose to proceed with hip 
arthroscopy.  Therefore, those that did not improve their functional movement control 
were more likely to choose surgical intervention than those that did improve.  The 
addition of the SLST and SDT to the comprehensive clinical evaluation of non-arthritic 
pain could be utilized, with the goal of identifying functional limitations present that 
might predispose an individual to choosing surgical intervention or a return to normal 
activities. It should be noted, there was no follow-up on these subjects who chose not to 
undergo surgery. Therefore, although subjects chose not to undergo surgery at the follow-
up evaluation, they may have chosen surgical intervention later if their symptoms 
returned.  
 
8.4 Clinical Implications 
 The results of the current study may have a clinical significance for healthcare 
providers evaluating and treating individuals with non-arthritic hip pain.  Prior to the 
current study, it was unclear whether a patient with non-arthritic hip pain could improve 
their functional movement control, and if they did, would it improve their patient-
reported outcomes.  Furthermore, it was unknown if the implementation of functional 
performance testing would be a beneficial addition to the comprehensive clinical 
evaluation of the hip.  The results demonstrate that there is a potential significance for the 
routine addition of the SLST and SDT into the clinical assessment of non-arthritic hip 
pain and dysfunction to assess for functional movement control deficiencies. If 
individuals improve their functional movement control, they are likely to report less pain 
and greater functional ability in their daily and sports-related activities following a 
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prescribed rehabilitation intervention and standardized home-exercise program. Also, a 
significant number of individuals who improved their functional movement control had 
greater satisfaction with the prescribed intervention as well as lower rates of surgical 
intervention, than those that did not improve. This study also supports the use of a 
rehabilitation intervention and a standardized home-exercise program to improve 
outcomes for those with non-arthritic hip pain. 
 The goal of a rehabilitation intervention should be to establish dynamic 
stabilization of the surrounding musculature and proper core and pelvic control to prevent 
accessory motion of the hip joint during complex activities.156,169   Specifically the 
rehabilitation and home-exercise program should include the following: hip musculature 
strengthening (specifically the hip abductors and deep external rotators);9,25,31,65,149,152-
154,156,158,160-171 pelvic positioning and stability in terms of 
posture;25,31,65,102,152,153,155,156,158,164,165,167-170,172 core muscle 
strengthening;19,31,102,152,153,155,156,159,161,164,166,167,173,174 neuromuscular training focused on 
hip and lumbopelvic stability;9,31,156,157,159,163,166-172 stretching and flexibility for the 
surrounding hip musculature;9,153-155,158,160,165-167,170,173,175 inclusion of manual therapy 
interventions focusing on soft-tissue mobilization of surrounding structures of the 
hip;25,154,156,162,163,166,167,169,170,172,175,176 dynamic biomechanical control including 
proprioception, balance, and coordination training;9,25,31,159,162,163,166-168,171 and gait 
training to address pathological  adaptations with use of orthotics if necessary.25,168,169,171  
A rehabilitation intervention focused on patient education, activity modification, 
limitation of aggravating factors, an individualized physical therapy protocol, and a home 
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exercise program, was shown in the current study to decrease pain and improve function 
in individuals with non-arthritic hip pain.   
 Deficiencies in neuromuscular control during dynamic weight-bearing activities 
have been shown to change functional movement patterns and increase the risk for 
musculoskeletal injuries.33,36 The loss of strength, functional motion, and proprioception 
during weight-bearing activities combine to cause neuromuscular deficiencies that 
decrease the dynamic stability of the hip, pelvis, and trunk.32  The assessment of 
deficiencies in individuals with non-arthritic hip pain during dynamic movements should 
be evaluated before a rehabilitation intervention or conservative treatment is prescribed.37  
The use of both the SLST and SDT could be a beneficial addition for the evaluation and 
screening of individuals reporting non-arthritic hip pain.  While the implementation of 
the prescribed intervention significantly improved the functional movement control of 
individuals in the current study, the long-term effects of this intervention on pain and 
overall function are unknown. 
 
8.5 Limitations 
 There are limitations to the current study that need to be considered when 
interpreting the results.  Limitations attributed to this study will be stratified into internal 
and external validity.  Internal validity refers to limitations that challenge the cause-and-
effect relationship between the independent variable (improvement in functional 
movement control during the SLST and SDT) and the dependent variables (PRO’s).  
External validity refers to the generalizability of the results to other populations.  This 
section will address how the limitations of the current study posed potential single group 
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threats to the internal validity and how they were controlled,237 as well as potential threats 
to external validity.  
 
8.5.1 Threats to Internal Validity 
 The pre-test/post-test design attributed to the current retrospective study lends to 
several threats of internal validity including: history and maturation effects, testing 
effects, instrumentation effects, and statistical regression.237,238  All of these threats can 
affect the ability of the current study to establish a relationship between the improvement 
of functional movement control during performance of the SLST and SDT and the 
included PRO’s. 
 
8.5.1.1 History and Maturation Effects 
 A history effect occurs when an unplanned threat happens between the pre-test 
and post-test measurements that can affect the outcome.238  In the current study, an 
individual experiencing a separate treatment that was not included in the methodology 
could influence the post-test evaluation.   Due to the relatively short time frame of 8 
weeks (range = 4-19; SD = 3) between the pre-test/post-test measurement in comparison 
to the average 10 months (range = 1-36; SD = 10) for duration of symptoms prior to the 
pre-test clinical evaluation, it is not likely that an outside treatment caused a significant 
improvement in the functional movement control. Furthermore, the individualized 
physical therapy protocol and the standardized home-exercise program were the only 
treatments that each individual participated in during the duration of the current study.  
No individuals were included in this retrospective analysis if they reported other 
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treatments that occurred during the pre-test/post-test measurements.  All individuals 
included in the current study reported that they were compliant in completing 4 exercises, 
four times-a-week from the standardized home-exercise program, along with a supervised 
physical therapy intervention by the healthcare provider of their choosing, one time-a-
week during an average 8-week rehabilitation intervention.  It should be noted that each 
individual received a different rehabilitation intervention and therefore some individuals 
could have received a better rehabilitation protocol than others, depending on the specific 
physical therapist and/or athletic trainer.    
 Similarly, a maturation effect is a natural occurrence that takes place between the 
pre-test/post-test measurement, such as ageing related changes to the internal structures 
of the hip.237,238  Due to the short time frame of 8 weeks (range = 4-19; SD = 3) between 
the pre-test/post-test measurement, significant changes to the structure of the hip does not 
seem to be a justifiable threat to the internal validity of the current study. 
 
8.5.1.2 Testing Effects 
 A testing effect is a threat that only occurs when a pre-test/post-test design is 
utilized in the methodology of a study.  The testing effect occurs when the pre-test 
influences the outcomes associated with the post-test.237,238  In the current study, 
performing both the SLST and SDT during an initial appointment could cause a learning 
effect that would influence the performance of the individual on the post-test 
performance.  The average time between testing was 8-weeks (range = 4-19; SD = 3), 
which was believed to be an adequate amount of time to adjust for the learning effect of 
the specific technique needed for performance of both the SLST and SDT.  The difficulty 
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of individuals to “pass” the SLST and SDT in the study presented in Chapter 5 
demonstrated that a learning effect may not influence how an individual would perform 
on the tests.  These functional performance tests are difficult measures of function that 
cannot be easily performed without proper ROM, strength, and proprioceptive control of 
the affected extremity.   
 Performance of three repetitions for both the SLST and SDT could also cause a 
fatigue effect in the individual and influence their performance, especially during the 
second functional performance test that was administered.  To account for the fatigue 
effect, the order of testing for the SLST and SDT was randomized with the individual 
instructed to perform each repetition when they were ready to proceed. This allowed for a 
consistent testing procedure for everyone included in the current study and directly 
imitates the normal assessment utilized in the clinical setting of an orthopaedic surgeon’s 
office.     
 
8.5.1.3 Instrumentation Effects 
 Similar to the threat of testing effects, instrumentation threats only occur in the 
pre-test/post-test scenario.  Instrumentation threats are changes in the instruments or 
evaluators that could cause a change in the outcomes of the study.237,238  Issues with the 
consistency of testing and reliability of the SLST and SDT are two threats that need to be 
considered when interpreting the results of the current study.  A comprehensive evidence-
based protocol was established in Chapter 4 for the standardized performance and 
evaluation of both the SLST and SDT.  Both the protocols for administration and 
evaluation of the SLST and SDT in the current study were based on this prior study to 
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control for any inconsistencies in testing.  The study presented in Chapter 5 offers 
evidence of reliability for the use of the SLST and SDT as measures of functional 
performance for individuals with non-arthritic hip pain and dysfunction.  There was 
moderate to excellent inter-rater reliability for both the SLST (.603-.939) and SDT (.745-
.943) between a certified athletic trainer and an orthopaedic surgeon.  The consistency of 
testing and reliability that was established for both the SLST and SDT prior to the current 
study allowed for a consistent experience to account for any threats to instrumentation.     
 
8.5.1.4 Statistical Regression 
  Statistical regression or regression to the mean is a threat that occurs when two 
non-random measures in a study are not perfectly correlated.237,238  In a pre-test/post-test 
study design, statistical regression is caused by the selection of subjects based on their 
extreme scores.238  This would occur if individuals scored extremely high or extremely 
low on their pre-test PRO’s.  Since individuals were being seen for functional limitations 
associated with non-arthritic hip pain, there could be concern that those low scores would 
improve, and the high scores would not improve regardless of the rehabilitation 
intervention and standardized home-exercise program.  In the current study, there was not 
a statistically significant difference in PRO scores during the pre-test administration 
between those that improved and did not improve their functional movement control 
during performance of the SLST and SDT.  Furthermore, inclusion of the ANCOVA 
calculation adjusted for the pre-test PRO scores to demonstrate the significant difference 
in post-test PRO scores that was achieved for those individuals that improved their 
functional movement control during performance of the SLST and SDT.  These 
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calculations demonstrated that the difference between post-test PRO scores for those that 
improved and those that did not improve their functional movement control, regardless of 
where they started with their pre-test PRO scores.  Given the significant difference 
between the two groups on the continuous PRO’s, a statistical regression does not seem 
to account for the observed enhancement of functional performance in those individuals 
that improved their functional movement control. 
 
8.5.2 Threats to External Validity 
 External validity refers to the extent that the results of the current study can be 
generalized to other populations.237,238  Caution should be exercised when generalizing 
the results of the current study to subjects with other lower extremity and hip specific 
disorders, including those with osteoarthritic changes. The conclusions of this study 
should only be applied to individuals with diagnosed non-arthritic hip pain from 
chondrolabral lesions caused by FAI, dysplasia, and/or structural abnormalities.  These 
individuals were diagnosed and conservatively treated for these pathologies by a board 
certified orthopaedic surgeon with as specialty in arthroscopic hip preservation surgery.  
While several individuals in this study demonstrated extra-articular conditions associated 
with the lower extremity and surrounding hip structures, their primary diagnosis was 
attributed to intra-articular conditions of the hip.  Therefore, the results should not be 
generalized to all painful conditions of the hip and lower extremity. 
 The methodology utilized in the current study may not be the only viable options 
for administration of the SLST and SDT during assessment of individuals with non-
arthritic hip pain.  Different techniques for test performance as well as differing 
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landmarks for the visual evaluation criteria could be utilized with effectiveness. Other 
functional performance tests may also be beneficial in the evaluation of individuals 
diagnosed with non-arthritic hip pain associated with intra-articular conditions of the hip.  
Similarly, the prescribed rehabilitation intervention and standardized home-exercise 
program may not be the only option for non-operative management of individuals with 
non-arthritic hip pain.  Further research into effective conservative treatments for 
individuals with non-arthritic hip pain is necessary.   
   
8.6 Recommendations for Future Research 
 The effect of improving functional movement control during functional 
performance testing is relatively new and there is limited evidence for its use in 
evaluating individuals with non-arthritic hip pain.  The use of functional performance 
testing in the clinical setting can provide healthcare professionals with objective feedback 
for a patient’s functional movement control.37  Both the SLST and SDT account for 
several deviations in hip, pelvis, and trunk performance that could be useful in the 
evaluation of functional movement control for individuals with intra-articular pathologies 
of the hip.16,17  The current study demonstrated that individuals with non-arthritic hip pain 
that improved their functional movement control during performance of the SLST and 
SDT had better PRO’s than those that did not improve, following the implementation of a 
rehabilitation intervention and a standardized home-exercise program.  The results of this 
study produce several additional areas of inquiry that are needed for the comprehensive 
clinical evaluation and non-operative management of individuals with non-arthritic hip 
pain.   
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 While the SLST and SDT were shown to be effective in the evaluation of 
functional movement control, additional measures of functional performance could be 
beneficial in the evaluation of individuals with non-arthritic hip pain.  Functional 
performance testing is commonly utilized to evaluate the basic dynamic movement 
patterns of the lower extremity with a combination of ROM, flexibility, balance, 
proprioception, motor control, as well as muscle strength, power, and/or endurance.2,37,38  
Adaptations in the pathomechanics of the lower extremity can lead to functional 
limitations during daily and sports-related activities, diminished strength in the 
musculature of the hip, and impaired kinematic and kinetic movements during weight-
bearing activities.19,31,32  A comprehensive clinical evaluation should examine all aspects 
of the individual’s capabilities to provide a thorough presentation of function as well as 
assess and treat all individuals within their own setting of function regardless of 
injury.2,111  In order to do so, clinicians need to integrate an evaluation process that 
incorporates several measures of function to accurately assess for neuromuscular 
limitations and dysfunction.38,99  As this is the first known study, there is a need for 
additional research into the effectiveness of different functional performance measures in 
evaluating the functional movement control of individuals with non-arthritic hip pain.  
Additionally, the use of three-dimensional motion analysis technology could add 
quantitative analysis to not only validate the use of the SLST and SDT, but other 
functional performance measures in future studies. 
 Not only is there a need to investigate additional functional performance 
measures, but the effectiveness of these tests in evaluating an individual’s neuromuscular 
and functional movement control needs to be explored.  Deficiencies in neuromuscular 
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control during dynamic weight-bearing activities have been shown to notably change 
movement patterns and increase the risk for musculoskeletal injuries.33,36  The combined 
loss of motion, strength, balance, and proprioception may cause neuromuscular deficits 
that result in impaired functional movement control of the hip, pelvis, and lumbosacral 
spine.16,32,33,35  A decrease in hip and pelvis ROM in the frontal and sagittal planes as well 
as altered balance and proprioceptive control has been shown in individuals with non-
arthritic hip pain during dynamic movements.16,33,34  Significant muscle weakness with 
hip flexion, abduction, adduction, and external rotation has been shown in individuals 
with non-arthritic hip pain compared to healthy controls.16,33,35  Additional studies 
examining changes in strength, flexibility, and endurance during functional performance 
testing is necessary to effectively evaluate the neuromuscular limitations that are 
attributed to non-arthritic hip pain and intra-articular pathologies of the hip.  
 The current study demonstrated that it may be possible to decrease intra-articular 
stresses in the presence of structural abnormalities through improving the functional 
movement control of the surrounding structures.  Identification of deficiencies in 
functional movement control during functional performance testing could also improve 
the individualized rehabilitation intervention utilized to increase muscular strength 
around the hip, increase joint stability, and improve proprioceptive control during 
dynamic activities.  The assessment of deficiencies in individuals with non-arthritic hip 
pain during dynamic movements should be evaluated before a rehabilitation intervention 
or conservative treatment is initiated.37  The prescribed rehabilitation intervention and 
standardized home-exercise program in the current study may not be the only option for 
non-operative management of non-arthritic hip pain.  The intervention was effective for 
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this group of individuals but considerations for the conservative management of non-
arthritic hip pain should also be made on an individual basis by the treating healthcare 
professional.  Additional studies into the effects of other non-operative management 
plans on different populations of individuals with non-arthritic hip pain is needed.  
 While the results of the current study demonstrate a significant difference in 
PRO’s between individuals that improved their functional movement control during the 
SLST and SDT and those that did not improve, there is a need to perform additional 
“higher quality” studies.147  These “high quality” studies should be performed utilizing 
aspects of the current methodology but in a blinded RCT format in order to verify the 
results.147 These studies would help contribute to the current evidence on the 
effectiveness of improving an individual’s functional movement control during functional 
performance testing on their reported outcomes.  Additionally, future studies should 
focus on classifying predictors that identify individuals that are more likely to improve 
their functional movement control following non-operative management for non-arthritic 
hip pain.  
 While the current standard of care for treatment of individuals with non-arthritic 
hip pain include conservative care, rehabilitation, and/or surgical intervention, there is 
limited “high quality” research comparing operative to non-operative management.20,60-62  
Only two RCT’s have been completed comparing the effects of operative and non-
operative management of individual’s with FAI.239,240  Mansell et al.239 randomized 80 
patients from a military hospital that were diagnosed with FAI syndrome into a 
rehabilitation group or a surgical group.  The rehabilitation group participated in a 12-
session supervised clinic program within 3 weeks of diagnosis and patients in the surgical 
  
138 
 
group received surgery at a mean of 4 months after enrollment.239  While there are several 
limitations present in this study,241 the authors reported that there were no significant 
differences between the groups at a 2-year follow-up.239  Griffin et al.240 randomized 348 
participants from hospitals in the United Kingdom that were diagnosed with FAI 
syndrome into 171 receiving hip arthroscopy and 177 receiving a personalized hip 
therapy program.  While both hip arthroscopy and the personalized hip therapy program 
were shown to improve hip related quality of life, hip arthroscopy led to a clinically 
significant improvement when compared to conservative care.240  While surgical 
interventions have been successful in treating non-arthritic hip pain,39,57-59 the non-
operative management of individuals with FAI syndrome improved the hip related 
quality of life for individuals in these two RCT’s.239,240 Further “high quality” studies 
evaluating the effects of non-operative management of FAI and other intra-articular 
pathologies in comparison to surgical interventions are needed.   
 The current study was successful in reporting the short-term effects of a 
rehabilitation intervention and standardized home-exercise program on the functional 
movement control of individuals with non-arthritic hip pain. The individuals included in 
this study still have structural pathologies that are untreated at the tissue level, and it is 
unknown whether the successful non-operative management presented in this study will 
progress to re-injury or the eventual degradation of the joint over time.  Further studies 
are needed to confirm the long-term effects (ie. 1-year, 2-year, 5-year, 10-year follow-up) 
of this conservative rehabilitation intervention on individuals with non-arthritic hip pain.   
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8.7 Conclusions  
1. Individuals who improved their functional movement control during performance 
of the SLST and SDT reported less pain, higher scores for functional ability in 
their daily and sports-related activities, higher scores for their global rating of 
functional ability in their daily and sport-related activities, higher patient 
satisfaction with the prescribed rehabilitation intervention and standardized home-
exercise program, and lower rates of surgical intervention, than those that did not 
improve. 
2. There is potential significance for the routine addition of the SLST and SDT into 
the clinical assessment of non-arthritic hip pain and dysfunction as measures of 
function. 
3. Future research is needed to understand the long-term effects of improving 
functional movement control on pain and function during daily and sports-related 
activities for individuals diagnosed with non-arthritic hip pain. 
 
 
 
 
 
 
 
 
 
  
140 
 
References 
1. Bird SP, Markwick WJ. Musculoskeletal Screening and Functional Testing: 
Considerations for Basketball Athletes. Int J Sports Phys Ther. 2016;11(5):784-
802. 
2. Kivlan BR, Martin RL. Functional performance testing of the hip in athletes: a 
systematic review for reliability and validity. Int J Sports Phys Ther. 
2012;7(4):402-412. 
3. Ardern CL, Glasgow P, Schneiders A, et al. 2016 Consensus statement on return 
to sport from the First World Congress in Sports Physical Therapy, Bern. Br 
J Sports Med. 2016;50(14):853-864. 
4. Cook G, Burton L, Hoogenboom B. Pre-participation screening: the use of 
fundamental movements as an assessment of function - part 1. N Am J Sports 
Phys Ther. 2006;1(2):62-72. 
5. Dawson SJ, Herrington L. Improving Single-Legged-Squat Performance: 
Comparing 2 Training Methods With Potential Implications for Injury Prevention. 
J Athl Train. 2015;50(9):921-929. 
6. Pollard CD, Sigward SM, Powers CM. ACL Injury Prevention Training Results in 
Modification of Hip and Knee Mechanics During a Drop-Landing Task. Orthop J 
Sports Med. 2017;5(9):2325967117726267. 
7. Enseki K, Harris-Hayes M, White DM, et al. Nonarthritic hip joint pain. J Orthop 
Sports Phys Ther. 2014;44(6):A1-32. 
  
141 
 
8. Jorgensen RW, Dippmann C, Dahl L, Sturup J. Treatment Algorithm for Patients 
with Non-arthritic Hip Pain, Suspect for an Intraarticular Pathology. Open Orthop 
J. 2016;10:404-411. 
9. Nicholls RA. Intra-articular disorders of the hip in athletes. Phys Ther Sport. 
2004;5:17 - 25. 
10. Shu B, Safran MR. Hip instability: anatomic and clinical considerations of 
traumatic and atraumatic instability. Clin Sports Med. 2011;30(2):349-367. 
11. Montgomery SR, Ngo SS, Hobson T, et al. Trends and demographics in hip 
arthroscopy in the United States. Arthroscopy. 2013;29(4):661-665. 
12. Bozic KJ, Chan V, Valone FH, 3rd, Feeley BT, Vail TP. Trends in hip 
arthroscopy utilization in the United States. J Arthroplasty. 2013;28(8 
Suppl):140-143. 
13. Reiman MP, Thorborg K. Clinical examination and physical assessment of hip 
joint-related pain in athletes. Int J Sports Phys Ther. 2014;9(6):737-755. 
14. Ugalde V, Brockman C, Bailowitz Z, Pollard CD. Single leg squat test and its 
relationship to dynamic knee valgus and injury risk screening. PM R. 
2015;7(3):229-235; quiz 235. 
15. Kline PW, Johnson DL, Ireland ML, Noehren B. Clinical Predictors of Knee 
Mechanics at Return to Sport after ACL Reconstruction. Med Sci Sports Exerc. 
2016;48(5):790-795. 
16. Hatton AL, Kemp JL, Brauer SG, Clark RA, Crossley KM. Impairment of 
dynamic single-leg balance performance in individuals with hip chondropathy. 
Arthritis Care Res (Hoboken). 2014;66(5):709-716. 
  
142 
 
17. Lewis CL, Foch E, Luko MM, Loverro KL, Khuu A. Differences in Lower 
Extremity and Trunk Kinematics between Single Leg Squat and Step Down 
Tasks. PLoS One. 2015;10(5):e0126258. 
18. Colvin AC, Harrast J, Harner C. Trends in hip arthroscopy. J Bone Joint Surg Am. 
2012;94(4):e23. 
19. Byrd JW. Femoroacetabular impingement in athletes: current concepts. Am J 
Sports Med. 2014;42(3):737-751. 
20. Griffin DR, Dickenson EJ, O'Donnell J, et al. The Warwick Agreement on 
femoroacetabular impingement syndrome (FAI syndrome): an international 
consensus statement.  Br J Sports Med. 2016;50(19):1169-1176. 
21. Guevara CJ, Pietrobon R, Carothers JT, Olson SA, Vail TP. Comprehensive 
morphologic evaluation of the hip in patients with symptomatic labral tear. Clin 
Orthop Relat Res. 2006;453:277-285. 
22. Sierra RJ. The management of acetabular retroversion with reverse periacetabular 
osteotomy. Instr Course Lect. 2013;62:305-313. 
23. Retchford TH, Crossley KM, Grimaldi A, Kemp JL, Cowan SM. Can local 
muscles augment stability in the hip? A narrative literature review. J 
Musculoskelet Neuronal Interact. 2013;13(1):1-12. 
24. McCarthy J, Noble P, Aluisio FV, Schuck M, Wright J, Lee JA. Anatomy, 
pathologic features, and treatment of acetabular labral tears. Clin Orthop Relat 
Res. 2003(406):38-47. 
25. Groh MM, Herrera J. A comprehensive review of hip labral tears. Curr Rev 
Musculoskelet Med. 2009;2(2):105-117. 
  
143 
 
26. Kraeutler MJ, Garabekyan T, Pascual-Garrido C, Mei-Dan O. Hip instability: a 
review of hip dysplasia and other contributing factors. Muscles Ligaments 
Tendons J. 2016;6(3):343-353. 
27. Kapron AL, Peters CL, Aoki SK, et al. The prevalence of radiographic findings of 
structural hip deformities in female collegiate athletes. Am J Sports Med. 
2015;43(6):1324-1330. 
28. Nawabi DH, Bedi A, Tibor LM, Magennis E, Kelly BT. The demographic 
characteristics of high-level and recreational athletes undergoing hip arthroscopy 
for femoroacetabular impingement: a sports-specific analysis. Arthroscopy. 
2014;30(3):398-405. 
29. Mayes S, Ferris AR, Smith P, Garnham A, Cook J. Similar Prevalence of 
Acetabular Labral Tear in Professional Ballet Dancers and Sporting Participants. 
Clin J Sport Med. 2016;26(4):307-313. 
30. Wenger DE, Kendell KR, Miner MR, Trousdale RT. Acetabular labral tears rarely 
occur in the absence of bony abnormalities. Clin Orthop Relat Res. 
2004(426):145-150. 
31. Casartelli NC, Maffiuletti NA, Leunig M, Bizzini M. Femoroacetabular 
impingement in sports medicine: a narrative review.  Schweiz Z Med Traumatol. 
2015;63(2):13-17. 
32. Casartelli NC, Maffiuletti NA, Bizzini M, Kelly BT, Naal FD, Leunig M. The 
management of symptomatic femoroacetabular impingement: what is the rationale 
for non-surgical treatment? Br J Sports Med. 2016;50(9):511-512. 
  
144 
 
33. Casartelli NC, Maffiuletti NA, Item-Glatthorn JF, et al. Hip muscle weakness in 
patients with symptomatic femoroacetabular impingement. Osteoarthritis 
Cartilage. 2011;19(7):816-821. 
34. Kennedy MJ, Lamontagne M, Beaule PE. Femoroacetabular impingement alters 
hip and pelvic biomechanics during gait Walking biomechanics of FAI. Gait 
Posture. 2009;30(1):41-44. 
35. Kemp JL, Schache AG, Makdissia M, Pritchard MG, Sims K, Crossley KM. Is 
hip range of motion and strength impaired in people with hip chondrolabral 
pathology? J Musculoskelet Neuronal Interact. 2014;14(3):334-342. 
36. Dutton M. Dutton's Orthopaedic Examination Evaluation and Intervention, fourth 
edition. McGraw-Hill Education; 2016. 
37. Reiman MP, Manske RC. Functional Testing in Human Performance. Human 
Kinetics; 2009. 
38. Manske R, Reiman M. Functional performance testing for power and return to 
sports. Sports Health. 2013;5(3):244-250. 
39. Zhang D, Chen L, Wang G. Hip arthroscopy versus open surgical dislocation for 
femoroacetabular impingement: A systematic review and meta-analysis. Medicine 
(Baltimore). 2016;95(41):e5122. 
40. Ganz R, Gill TJ, Gautier E, Ganz K, Krugel N, Berlemann U. Surgical dislocation 
of the adult hip a technique with full access to the femoral head and acetabulum 
without the risk of avascular necrosis. J Bone Joint Surg Br. 2001;83(8):1119-
1124. 
  
145 
 
41. Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock KA. 
Femoroacetabular impingement: a cause for osteoarthritis of the hip. Clin Orthop 
Relat Res. 2003(417):112-120. 
42. Lee YK, Ha YC, Yoon BH, Koo KH. National trends of hip arthroscopy in Korea. 
J Korean Med Sci. 2014;29(2):277-280. 
43. Saadat E, Martin SD, Thornhill TS, Brownlee SA, Losina E, Katz JN. Factors 
Associated With the Failure of Surgical Treatment for Femoroacetabular 
Impingement: Review of the Literature. Am J Sports Med. 2014;42(6):1487-1495. 
44. Hwang DS, Noh CK. Comprehensive Review of Advancements in Hip 
Arthroscopy. Hip Pelvis. 2017;29(1):15-23. 
45. Larson CM, Stone RM. Current concepts and trends for operative treatment of 
FAI: hip arthroscopy. Curr Rev Musculoskelet Med. 2013;6(3):242-249. 
46. Matsuda DK, Hanami D. Hip arthroscopy for challenging deformities: posterior 
cam decompression. Arthrosc Tech. 2013;2(1):e45-49. 
47. Redmond JM, El Bitar YF, Gupta A, Stake CE, Vemula SP, Domb BG. 
Arthroscopic acetabuloplasty and labral refixation without labral detachment. Am 
J Sports Med. 2015;43(1):105-112. 
48. Hadeed MM, Cancienne JM, Gwathmey FW. Pincer Impingement. Clin Sports 
Med. 2016;35(3):405-418. 
49. Jo S, Lee SH, Wang SI, Smith B, O'Donnell J. The role of arthroscopy in the 
dysplastic hip-a systematic review of the intra-articular findings, and the 
outcomes utilizing hip arthroscopic surgery. J Hip Preserv Surg. 2016;3(3):171-
180. 
  
146 
 
50. Yen YM, Kocher MS. Chondral lesions of the hip: microfracture and 
chondroplasty. Sports Med Arthrosc Rev. 2010;18(2):83-89. 
51. Mardones R, Larrain C. Cartilage restoration technique of the hip. J Hip Preserv 
Surg. 2016;3(1):30-36. 
52. Atilla HA, Luo TD, Stubbs AJ. Arthroscopic Microfracture of Hip Chondral 
Lesions. Arthrosc Tech. 2017;6(6):e2295-e2299. 
53. MacDonald AE, Bedi A, Horner NS, et al. Indications and Outcomes for 
Microfracture as an Adjunct to Hip Arthroscopy for Treatment of Chondral 
Defects in Patients With Femoroacetabular Impingement: A Systematic Review. 
Arthroscopy. 2016;32(1):190-200 e192. 
54. Menge TJ, Mitchell JJ, Briggs KK, Philippon MJ. Anatomic Arthroscopic 
Ligamentum Teres Reconstruction for Hip Instability. Arthrosc Tech. 
2016;5(4):e737-e742. 
55. de Sa D, Horner NS, MacDonald A, et al. Evaluating healthcare resource 
utilization and outcomes for surgical hip dislocation and hip arthroscopy for 
femoroacetabular impingement. Knee Surg Sports Traumatol Arthrosc. 
2016;24(12):3943-3954. 
56. Botser IB, Smith TW, Jr., Nasser R, Domb BG. Open surgical dislocation versus 
arthroscopy for femoroacetabular impingement: a comparison of clinical 
outcomes. Arthroscopy. 2011;27(2):270-278. 
57. Polesello GC, Lima FR, Guimaraes RP, Ricioli W, Queiroz MC. Arthroscopic 
treatment of femoroacetabular impingement: minimum five-year follow-up. Hip 
Int. 2014;24(4):381-386. 
  
147 
 
58. Fukui K, Briggs KK, Trindade CA, Philippon MJ. Outcomes After Labral Repair 
in Patients With Femoroacetabular Impingement and Borderline Dysplasia. 
Arthroscopy. 2015;31(12):2371-2379. 
59. Palmer DH, Ganesh V, Comfort T, Tatman P. Midterm outcomes in patients with 
cam femoroacetabular impingement treated arthroscopically. Arthroscopy. 
2012;28(11):1671-1681. 
60. Reiman MP, Thorborg K. Femoroacetabular impingement surgery: are we 
moving too fast and too far beyond the evidence? Br J Sports Med. 
2015;49(12):782-784. 
61. Zaltz I, Kelly BT, Larson CM, Leunig M, Bedi A. Surgical treatment of 
femoroacetabular impingement: what are the limits of hip arthroscopy? 
Arthroscopy. 2014;30(1):99-110. 
62. Reiman MP, Peters S, Sylvain J, Hagymasi S, Ayeni OR. Prevalence and 
Consistency in Surgical Outcome Reporting for Femoroacetabular Impingement 
Syndrome: A Scoping Review. Arthroscopy. 2018. 
63. Frank JM, Harris JD, Erickson BJ, et al. Prevalence of Femoroacetabular 
Impingement Imaging Findings in Asymptomatic Volunteers: A Systematic 
Review. Arthroscopy. 2015;31(6):1199-1204. 
64. Lewis CL, Sahrmann SA, Moran DW. Anterior hip joint force increases with hip 
extension, decreased gluteal force, or decreased iliopsoas force. J Biomech. 
2007;40(16):3725-3731. 
65. Dangin A, Tardy N, Wettstein M, May O, Bonin N. Microinstability of the hip: A 
review. Orthop Traumatol Surg Res . 2016;102(8s):S301-s309. 
  
148 
 
66. Mannava S, Geeslin AG, Frangiamore SJ, et al. Comprehensive Clinical 
Evaluation of Femoroacetabular Impingement: Part 2, Plain Radiography. 
Arthrosc Tech. 2017;6(5):e2003-e2009. 
67. Frangiamore S, Mannava S, Geeslin AG, Chahla J, Cinque ME, Philippon MJ. 
Comprehensive Clinical Evaluation of Femoroacetabular Impingement: Part 1, 
Physical Examination. Arthrosc Tech. 2017;6(5):e1993-e2001. 
68. Geeslin AG, Geeslin MG, Chahla J, Mannava S, Frangiamore S, Philippon MJ. 
Comprehensive Clinical Evaluation of Femoroacetabular Impingement: Part 3, 
Magnetic Resonance Imaging. Arthrosc Tech. 2017;6(5):e2011-e2018. 
69. Clohisy JC, Carlisle JC, Beaule PE, et al. A systematic approach to the plain 
radiographic evaluation of the young adult hip. J Bone Joint Surg Am. 2008;90 
Suppl 4:47-66. 
70. Atkins PR, Kobayashi EF, Anderson AE, Aoki SK. Modified False-Profile 
Radiograph of the Hip Provides Better Visualization of the Anterosuperior 
Femoral Head-Neck Junction. Arthroscopy. 2017. 
71. Ratzlaff C, Zhang C, Korzan J, et al. The validity of a non-radiologist reader in 
identifying cam and pincer femoroacetabular impingement (FAI) using plain 
radiography. Rheumatol Int. 2016;36(3):371-376. 
72. Mast NH, Impellizzeri F, Keller S, Leunig M. Reliability and agreement of 
measures used in radiographic evaluation of the adult hip. Clin Orthop Relat Res. 
2011;469(1):188-199. 
  
149 
 
73. Tannast M, Mistry S, Steppacher SD, et al. Radiographic analysis of 
femoroacetabular impingement with Hip2Norm-reliable and validated. J Orthop 
Res. 2008;26(9):1199-1205. 
74. Barton C, Salineros MJ, Rakhra KS, Beaule PE. Validity of the alpha angle 
measurement on plain radiographs in the evaluation of cam-type 
femoroacetabular impingement. Clin Orthop Relat Res. 2011;469(2):464-469. 
75. Jamali AA, Mladenov K, Meyer DC, et al. Anteroposterior pelvic radiographs to 
assess acetabular retroversion: high validity of the "cross-over-sign". J Orthop 
Res. 2007;25(6):758-765. 
76. Chadayammuri V, Garabekyan T, Jesse MK, et al. Measurement of lateral 
acetabular coverage: a comparison between CT and plain radiography. J Hip 
Preserv Surg. 2015;2(4):392-400. 
77. Tan L, Aktas S, Copuroglu C, Ozcan M, Ture M. Reliability of radiological 
parameters measured on anteroposterior pelvis radiographs of patients with 
developmental dysplasia of the hip. Acta Orthop Belg. 2001;67(4):374-379. 
78. Wiig O, Terjesen T, Svenningsen S. Inter-observer reliability of radiographic 
classifications and measurements in the assessment of Perthes' disease. Acta 
Orthop Scand. 2002;73(5):523-530. 
79. Telger TC, Tönnis D, Legal H, Graf R. Congenital Dysplasia and Dislocation of 
the Hip in Children and Adults. Springer Berlin Heidelberg; 1987. 
80. Cibulka MT, Bloom NJ, Enseki KR, Macdonald CW, Woehrle J, McDonough 
CM. Hip Pain and Mobility Deficits-Hip Osteoarthritis: Revision 2017. J Orthop 
Sports Phys Ther. 2017;47(6):A1-A37. 
  
150 
 
81. Steppacher SD, Tannast M, Ganz R, Siebenrock KA. Mean 20-year followup of 
Bernese periacetabular osteotomy. Clin Orthop Relat Res. 2008;466(7):1633-
1644. 
82. Haldane CE, Ekhtiari S, de Sa D, Simunovic N, Ayeni OR. Preoperative physical 
examination and imaging of femoroacetabular impingement prior to hip 
arthroscopy-a systematic review. J Hip Preserv Surg. 2017;4(3):201-213. 
83. Linda DD, Naraghi A, Murnaghan L, Whelan D, White LM. Accuracy of non-
arthrographic 3T MR imaging in evaluation of intra-articular pathology of the hip 
in femoroacetabular impingement. Skeletal Radiol. 2017;46(3):299-308. 
84. Chopra A, Grainger AJ, Dube B, et al. Comparative reliability and diagnostic 
performance of conventional 3T magnetic resonance imaging and 1.5T magnetic 
resonance arthrography for the evaluation of internal derangement of the hip. Eur 
Radiol. 2018;28(3):963-971. 
85. Crespo-Rodriguez AM, De Lucas-Villarrubia JC, Pastrana-Ledesma M, Hualde-
Juvera A, Mendez-Alonso S, Padron M. The diagnostic performance of non-
contrast 3-Tesla magnetic resonance imaging (3-T MRI) versus 1.5-Tesla 
magnetic resonance arthrography (1.5-T MRA) in femoro-acetabular 
impingement. Eur J Radiol. 2017;88:109-116. 
86. Griffin JW, Weber AE, Kuhns B, Lewis P, Nho SJ. Imaging in Hip Arthroscopy 
for Femoroacetabular Impingement: A Comprehensive Approach. Clin Sports 
Med. 2016;35(3):331-344. 
87. Cibulka MT, White DM, Woehrle J, et al. Hip pain and mobility deficits--hip 
osteoarthritis: clinical practice guidelines linked to the international classification 
  
151 
 
of functioning, disability, and health from the orthopaedic section of the 
American Physical Therapy Association. J Orthop Sports Phys Ther. 
2009;39(4):A1-25. 
88. Redmond JM, Gupta A, Hammarstedt JE, Stake CE, Dunne KF, Domb BG. 
Labral injury: radiographic predictors at the time of hip arthroscopy. Arthroscopy. 
2015;31(1):51-56. 
89. Martin HD, Palmer IJ. History and physical examination of the hip: the basics. 
Curr Rev Musculoskelet Med. 2013;6(3):219-225. 
90. Domb BG, Brooks AG, Byrd JW. Clinical examination of the hip joint in athletes. 
J Sport Rehabil. 2009;18(1):3-23. 
91. Reiman MP, Mather RC, 3rd, Cook CE. Physical examination tests for hip 
dysfunction and injury. Br J Sports Med. 2015;49(6):357-361. 
92. Diamond LE, Dobson FL, Bennell KL, Wrigley TV, Hodges PW, Hinman RS. 
Physical impairments and activity limitations in people with femoroacetabular 
impingement: a systematic review. Br J Sports Med. 2015;49(4):230-242. 
93. Kemp JL, Makdissi M, Schache AG, Pritchard MG, Pollard TC, Crossley KM. 
Hip chondropathy at arthroscopy: prevalence and relationship to labral pathology, 
femoroacetabular impingement and patient-reported outcomes. Br J Sports Med. 
2014;48:1102-1107. 
94. Philippon MJ, Maxwell RB, Johnston TL, Schenker M, Briggs KK. Clinical 
presentation of femoroacetabular impingement. Knee Surg Sports Traumatol 
Arthrosc. 2007;15(8):1041-1047. 
  
152 
 
95. Reiman MP, Goode AP, Cook CE, Holmich P, Thorborg K. Diagnostic accuracy 
of clinical tests for the diagnosis of hip femoroacetabular impingement/labral tear: 
a systematic review with meta-analysis. Br J Sports Med. 2015;49(12):811. 
96. Holla JF, Steultjens MP, van der Leeden M, et al. Determinants of range of joint 
motion in patients with early symptomatic osteoarthritis of the hip and/or knee: an 
exploratory study in the CHECK cohort. Osteoarthritis Cartilage. 
2011;19(4):411-419. 
97. Cleveland RJ, Schwartz TA, Prizer LP, et al. Associations of educational 
attainment, occupation, and community poverty with hip osteoarthritis. Arthritis 
Care Res (Hoboken). 2013;65(6):954-961. 
98. Konin JG, Lebsack D, Valier AS, Isear JA. Special Tests for Orthopedic 
Examination. SLACK Incorporated; 2015. 
99. Reiman MP, Manske RC. The assessment of function: How is it measured? A 
clinical perspective. J Man Manip Ther. 2011;19(2):91-99. 
100. Tijssen M, van Cingel R, Willemsen L, de Visser E. Diagnostics of 
femoroacetabular impingement and labral pathology of the hip: a systematic 
review of the accuracy and validity of physical tests. Arthroscopy. 
2012;28(6):860-871. 
101. Martin RL, Irrgang JJ, Sekiya JK. The diagnostic accuracy of a clinical 
examination in determining intra-articular hip pain for potential hip arthroscopy 
candidates. Arthroscopy. 2008;24(9):1013-1018. 
102. Sink EL, Gralla J, Ryba A, Dayton M. Clinical presentation of femoroacetabular 
impingement in adolescents. J Pediatr Orthop. 2008;28(8):806-811. 
  
153 
 
103. Clohisy JC, Knaus ER, Hunt DM, Lesher JM, Harris-Hayes M, Prather H. 
Clinical presentation of patients with symptomatic anterior hip impingement. Clin 
Orthop Relat Res. 2009;467(3):638-644. 
104. Burnett RS, Della Rocca GJ, Prather H, Curry M, Maloney WJ, Clohisy JC. 
Clinical presentation of patients with tears of the acetabular labrum. J Bone 
Joint Surg Am. 2006;88(7):1448-1457. 
105. Philippon MJ, Briggs KK, Yen YM, Kuppersmith DA. Outcomes following hip 
arthroscopy for femoroacetabular impingement with associated chondrolabral 
dysfunction: minimum two-year follow-up. J Bone Joint Surg Br. 2009;91(1):16-
23. 
106. Troelsen A, Mechlenburg I, Gelineck J, Bolvig L, Jacobsen S, Soballe K. What is 
the role of clinical tests and ultrasound in acetabular labral tear diagnostics? Acta 
Orthop. 2009;80(3):314-318. 
107. Maslowski E, Sullivan W, Forster Harwood J, et al. The diagnostic validity of hip 
provocation maneuvers to detect intra-articular hip pathology. PM R. 
2010;2(3):174-181. 
108. Pacheco-Carrillo A, Medina-Porqueres I. Physical examination tests for the 
diagnosis of femoroacetabular impingement. A systematic review. Phys 
Ther Sport. 2016. 
109. Bieler T, Magnusson SP, Kjaer M, Beyer N. Intra-rater reliability and agreement 
of muscle strength, power and functional performance measures in patients with 
hip osteoarthritis. J Rehabil Med. 2014;46(10):997-1005. 
  
154 
 
110. Choi YM, Dobson F, Martin J, Bennell KL, Hinman RS. Interrater and intrarater 
reliability of common clinical standing balance tests for people with hip 
osteoarthritis. Phys Ther. 2014;94(5):696-704. 
111. World Health O. ICF : International classification of functioning, disability and 
health / World Health Organization. Geneva: World Health Organization; 2001. 
112. Reiman MP, Mather RC, 3rd, Hash TW, 2nd, Cook CE. Examination of 
acetabular labral tear: a continued diagnostic challenge. Br J Sports Med. 
2014;48(4):311-319. 
113. Gagnier JJ. Patient reported outcomes in orthopaedics. J Orthop Res. 
2017;35(10):2098-2108. 
114. Mokkink LB, Terwee CB, Patrick DL, et al. The COSMIN checklist for assessing 
the methodological quality of studies on measurement properties of health status 
measurement instruments: an international Delphi study. Qual Life Res. 
2010;19(4):539-549. 
115. Sim Y, Horner NS, de Sa D, Simunovic N, Karlsson J, Ayeni OR. Reporting of 
non-hip score outcomes following femoroacetabular impingement surgery: a 
systematic review. J Hip Preserv Surg. 2015;2(3):224-241. 
116. Chandrasekaran S, Gui C, Walsh JP, Lodhia P, Suarez-Ahedo C, Domb BG. 
Correlation Between Changes in Visual Analog Scale and Patient-Reported 
Outcome Scores and Patient Satisfaction After Hip Arthroscopic Surgery. Orthop 
J Sports Med. 2017;5(9):2325967117724772. 
  
155 
 
117. Kersten P, White PJ, Tennant A. Is the pain visual analogue scale linear and 
responsive to change? An exploration using Rasch analysis. PLoS One. 
2014;9(6):e99485. 
118. Knop C, Oeser M, Bastian L, Lange U, Zdichavsky M, Blauth M. [Development 
and validation of the Visual Analogue Scale (VAS) Spine Score]. Unfallchirurg. 
2001;104(6):488-497. 
119. Tashjian RZ, Deloach J, Porucznik CA, Powell AP. Minimal clinically important 
differences (MCID) and patient acceptable symptomatic state (PASS) for visual 
analog scales (VAS) measuring pain in patients treated for rotator cuff disease. J 
Shoulder Elbow Surg. 2009;18(6):927-932. 
120. Maughan EF, Lewis JS. Outcome measures in chronic low back pain. Eur Spine 
J. 2010;19(9):1484-1494. 
121. Martin RL, Kelly BT, Philippon MJ. Evidence of validity for the hip outcome 
score. Arthroscopy. 2006;22(12):1304-1311. 
122. Martin RL, Philippon MJ. Evidence of reliability and responsiveness for the hip 
outcome score. Arthroscopy. 2008;24(6):676-682. 
123. Martin RL, Philippon MJ. Evidence of validity for the hip outcome score in hip 
arthroscopy. Arthroscopy. 2007;23(8):822-826. 
124. Martin RL. Hip arthroscopy and outcome assessment. Oper Tech Orthop. 
2005;15:290-296. 
125. Lodhia P, Slobogean GP, Noonan VK, Gilbart MK. Patient-reported outcome 
instruments for femoroacetabular impingement and hip labral pathology: a 
systematic review of the clinimetric evidence. Arthroscopy. 2011;27(2):279-286. 
  
156 
 
126. Cohen J. Statistical power analysis for the behavioral sciences. Mahwah, NJ: 
Lawrence Erlbaum Associates; 1988. 
127. Mannion AF, Impellizzeri FM, Naal FD, Leunig M. Fulfilment of patient-rated 
expectations predicts the outcome of surgery for femoroacetabular impingement. 
Osteoarthritis Cartilage. 2013;21(1):44-50. 
128. Loudon JK, Wiesner D, Goist-Foley HL, Asjes C, Loudon KL. Intrarater 
Reliability of Functional Performance Tests for Subjects With Patellofemoral 
Pain Syndrome. J Athl Train. 2002;37(3):256-261. 
129. Kulas AS, Hortobagyi T, DeVita P. Trunk position modulates anterior cruciate 
ligament forces and strains during a single-leg squat. Clin Biomech (Bristol, 
Avon). 2012;27(1):16-21. 
130. Mascal CL, Landel R, Powers C. Management of patellofemoral pain targeting 
hip, pelvis, and trunk muscle function: 2 case reports. J Orthop Sports Phys Ther. 
2003;33(11):647-660. 
131. Beutler AI, Cooper LW, Kirkendall DT, Garrett WE, Jr. Electromyographic 
Analysis of Single-Leg, Closed Chain Exercises: Implications for Rehabilitation 
After Anterior Cruciate Ligament Reconstruction. J Athl Train. 2002;37(1):13-18. 
132. Nakagawa TH, Moriya ET, Maciel CD, Serrao FV. Trunk, pelvis, hip, and knee 
kinematics, hip strength, and gluteal muscle activation during a single-leg squat in 
males and females with and without patellofemoral pain syndrome. J Orthop 
Sports Phys Ther. 2012;42(6):491-501. 
  
157 
 
133. Nakagawa TH, Serrao FV, Maciel CD, Powers CM. Hip and knee kinematics are 
associated with pain and self-reported functional status in males and females with 
patellofemoral pain. Int J Sports Med. 2013;34(11):997-1002. 
134. Anderson G, Herrington L. A comparison of eccentric isokinetic torque 
production and velocity of knee flexion angle during step down in patellofemoral 
pain syndrome patients and unaffected subjects. Clin Biomech (Bristol, Avon). 
2003;18(6):500-504. 
135. Souza RB, Powers CM. Differences in hip kinematics, muscle strength, and 
muscle activation between subjects with and without patellofemoral pain. J 
Orthop Sports Phys Ther. 2009;39(1):12-19. 
136. Lee SP, Souza RB, Powers CM. The influence of hip abductor muscle 
performance on dynamic postural stability in females with patellofemoral pain. 
Gait Posture. 2012;36(3):425-429. 
137. Levinger P, Gilleard W, Coleman C. Femoral medial deviation angle during a 
one-leg squat test in individuals with patellofemoral pain syndrome. Phys 
Ther Sport. 2007;8(4):163-168. 
138. Fava GA, Tomba E, Sonino N. Clinimetrics: the science of clinical 
measurements. Int J Clin Pract. 2012;66(1):11-15. 
139. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the 
minimal clinically important difference. Control Clin Trials. 1989;10(4):407-415. 
140. Liem BC, Loveless MS, Apple EL, Krabak BJ. Nonoperative management of 
acetabular labral tear in a skeletally immature figure skater. Pm r. 
2014;6(10):951-955. 
  
158 
 
141. Jessel RH, Zurakowski D, Zilkens C, Burstein D, Gray ML, Kim YJ. 
Radiographic and patient factors associated with pre-radiographic osteoarthritis in 
hip dysplasia. J Bone Joint Surg Am. 2009;91(5):1120-1129. 
142. Giori NJ, Trousdale RT. Acetabular retroversion is associated with osteoarthritis 
of the hip. Clin Orthop Relat Res. 2003(417):263-269. 
143. McCarthy JC, Lee JA. Acetabular dysplasia: a paradigm of arthroscopic 
examination of chondral injuries. Clin Orthop Relat Res. 2002(405):122-128. 
144. Harris-Hayes M, Royer NK. Relationship of acetabular dysplasia and 
femoroacetabular impingement to hip osteoarthritis: a focused review. Pm r. 
2011;3(11):1055-1067.e1051. 
145. Agricola R, Heijboer MP, Bierma-Zeinstra SM, Verhaar JA, Weinans H, 
Waarsing JH. Cam impingement causes osteoarthritis of the hip: a nationwide 
prospective cohort study (CHECK). Ann Rheum Dis. 2013;72(6):918-923. 
146. Phillips B, Ball C, Sackett D. Centre for Evidence-Based-Medicine. Oxford: 
United Kingdom; 2009. 
147. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on 
rating quality of evidence and strength of recommendations. Bmj. 
2008;336(7650):924-926. 
148. Wall PD, Dickenson EJ, Robinson D, et al. Personalised Hip Therapy: 
development of a non-operative protocol to treat femoroacetabular impingement 
syndrome in the FASHIoN randomised controlled trial. Br J Sports Med. 
2016;50(19):1217-1223. 
  
159 
 
149. Kaplan KM, Shah MR, Youm T. Femoroacetabular impingement--diagnosis and 
treatment. Bull NYU Hosp Jt Dis. 2010;68(2):70-75. 
150. Hunt D, Prather H, Harris Hayes M, Clohisy JC. Clinical outcomes analysis of 
conservative and surgical treatment of patients with clinical indications of 
prearthritic, intra-articular hip disorders. Pm r. 2012;4(7):479-487. 
151. Yazbek PM, Ovanessian V, Martin RL, Fukuda TY. Nonsurgical treatment of 
acetabular labrum tears: a case series. J Orthop Sports Phys Ther. 
2011;41(5):346-353. 
152. Bathala EA, Bancroft LW, Peterson JJ, Ortiguera CJ. Radiologic case study. 
Femoroacetabular impingement. Orthopedics. 2007;30(12):986, 1061-1064. 
153. Pierannunzii L, d'Imporzano M. Treatment of femoroacetabular impingement: a 
modified resection osteoplasty technique through an anterior approach. 
Orthopedics. 2007;30(2):96-102. 
154. Chakraverty J, Snelling N. Anterior hip pain - have you considered 
femoroacetabular impingement? Int J Osteopath Med.. 2012;15(1):22 - 27. 
155. Hart ES, Metkar US, Rebello GN, Grottkau BE. Femoroacetabular impingement 
in adolescents and young adults. Orthop Nurs. 2009;28(3):117-124; quiz 125-116. 
156. Bedi A, Kelly BT. Femoroacetabular impingement. J Bone Joint Surg Am. 
2013;95(1):82-92. 
157. Keogh MJ, Batt ME. A review of femoroacetabular impingement in athletes. 
Sports Med. 2008;38(10):863-878. 
158. Kuhlman GS, Domb BG. Hip impingement: identifying and treating a common 
cause of hip pain. Am Fam Physician. 2009;80(12):1429-1434. 
  
160 
 
159. Samora JB, Ng VY, Ellis TJ. Femoroacetabular impingement: a common cause of 
hip pain in young adults. Clin J Sport Med. 2011;21(1):51-56. 
160. Jacoby L, Yi-Meng Y, Kocher MS. Hip problems and arthroscopy: adolescent hip 
as it relates to sports. Clin Sports Med. 2011;30(2):435-451. 
161. Leunig M, Robertson W, Ganz R. Femoroacetabular impingement: Diagnosis and 
management, including open surgical technique. Oper Tech Sports Med 
2007;15:178 - 189. 
162. Loudon JK, Reiman MP. Conservative management of femoroacetabular 
impingement (FAI) in the long distance runner. Phys Ther Sport. 2014;15(2):82-
90. 
163. Nepple JJ, Byrd JW, Siebenrock KA, Prather H, Clohisy JC. Overview of 
treatment options, clinical results, and controversies in the management of 
femoroacetabular impingement. J Am Acad Orthop Surg. 2013;21 Suppl 1:S53-
58. 
164. Pierannunzii L. Pelvic posture and kinematics in femoroacetabular impingement: 
a systematic review. J Orthop Traumatol. 2017. 
165. Smith DV, Bernhardt DT. Hip injuries in young athletes. Curr Sports Med Rep. 
2010;9(5):278-283. 
166. Tranovich MJ, Salzler MJ, Enseki KR, Wright VJ. A review of femoroacetabular 
impingement and hip arthroscopy in the athlete. Phys Sportsmed. 2014;42(1):75-
87. 
  
161 
 
167. Wall PD, Fernandez M, Griffin DR, Foster NE. Nonoperative treatment for 
femoroacetabular impingement: a systematic review of the literature. Pm r. 
2013;5(5):418-426. 
168. Lewis CL, Sahrmann SA. Acetabular labral tears. Phys Ther. 2006;86(1):110-121. 
169. Gwathmey FW, Jr., Kadrmas WR. Intra-articular hip disorders in the military 
population: evaluation and management. Clin Sports Med. 2014;33(4):655-674. 
170. Heiderscheit B, McClinton S. Evaluation and Management of Hip and Pelvis 
Injuries. Phys Med Rehabil Clin N Am. 2016;27(1):1-29. 
171. Hunt D, Clohisy JC, Prather H. Acetabular Labral Tears of the Hip in Women. 
Phys Med Rehabil Clin N Am. 2007;18:497 - 520. 
172. Zhang C, Li L, Forster BB, et al. Femoroacetabular impingement and 
osteoarthritis of the hip. Can Fam Physician. 2015;61(12):1055-1060. 
173. Hackney R. (iv) Groin pain in athletes. Orthop Trauma. 2012;26:25 - 32. 
174. Pollard TC. A perspective on femoroacetabular impingement. Skeletal Radiol. 
2011;40(7):815-818. 
175. Emary P. Femoroacetabular impingement syndrome: a narrative review for the 
chiropractor. J Can Chiropr Assoc. 2010;54(3):164-176. 
176. Schmerl M, Pollard H, Hoskins W. Labral injuries of the hip: a review of 
diagnosis and management. J Manipulative Physiol Ther. 2005;28(8):632. 
177. Emara K, Samir W, Motasem el H, Ghafar KA. Conservative treatment for mild 
femoroacetabular impingement. J Orthop (Hong Kong). 2011;19(1):41-45. 
  
162 
 
178. Jager M, Wild A, Westhoff B, Krauspe R. Femoroacetabular impingement caused 
by a femoral osseous head-neck bump deformity: clinical, radiological, and 
experimental results. J Orthop Sci. 2004;9(3):256-263. 
179. Reynolds D, Lucas J, Klaue K. Retroversion of the acetabulum. A cause of hip 
pain. J Bone Joint Surg Br. 1999;81(2):281-288. 
180. Spencer-Gardner L, Dissanayake R, Kalanie A, Singh P, O'Donnell J. Hip 
arthroscopy results in improved patient reported outcomes compared to non-
operative management of waitlisted patients. J Hip Preserv Surg. 2017;4(1):39-
44. 
181. Boye GN, Murray K, Clohisy JC, Kim YJ. Feasibility of a Randomized Clinical 
Trial for Treatment of Femoroacetabular Impingement of the Hip. Orthop J 
Sports Med. 2015;3(7):2325967115592844. 
182. Griffin D, Wall P, Realpe A, et al. UK FASHIoN: feasibility study of a 
randomised controlled trial of arthroscopic surgery for hip impingement 
compared with best conservative care. Health Technol Assess (Winchester, 
England). 2016;20(32):1-172. 
183. Harris-Hayes M, Czuppon S, Van Dillen LR, et al. Movement-Pattern Training to 
Improve Function in People With Chronic Hip Joint Pain: A Feasibility 
Randomized Clinical Trial. J Orthop Sports Phys Ther. 2016;46(6):452-461. 
184. Smeatham A, Powell R, Moore S, Chauhan R, Wilson M. Does treatment by a 
specialist physiotherapist change pain and function in young adults with 
symptoms from femoroacetabular impingement? A pilot project for a randomised 
controlled trial. Physiotherapy. 2017;103(2):201-207. 
  
163 
 
185. Wright AA, Hegedus EJ, Taylor JB, Dischiavi SL, Stubbs AJ. Non-operative 
management of femoroacetabular impingement: A prospective, randomized 
controlled clinical trial pilot study. J Sci Med Sport. 2016;19(9):716-721. 
186. Griffin DR, Dickenson EJ, Wall PD, et al. Protocol for a multicentre, parallel-
arm, 12-month, randomised, controlled trial of arthroscopic surgery versus 
conservative care for femoroacetabular impingement syndrome (FASHIoN). BMJ 
open. 2016;6(8):e012453. 
187. Mansell NS, Rhon DI, Marchant BG, Slevin JM, Meyer JL. Two-year outcomes 
after arthroscopic surgery compared to physical therapy for femoracetabular 
impingement: A protocol for a randomized clinical trial. BMC Musculoskelet 
Disord. 2016;17:60. 
188. Palmer AJ, Ayyar-Gupta V, Dutton SJ, et al. Protocol for the Femoroacetabular 
Impingement Trial (FAIT): a multi-centre randomised controlled trial comparing 
surgical and non-surgical management of femoroacetabular impingement. Bone 
Joint Res. 2014;3(11):321-327. 
189. Coppack RJ, Bilzon JL, Wills AK, et al. A comparison of multidisciplinary team 
residential rehabilitation with conventional outpatient care for the treatment of 
non-arthritic intra-articular hip pain in UK Military personnel - a protocol for a 
randomised controlled trial. BMC Musculoskelet Disord. 2016;17(1):459. 
190. Khuu A, Foch E, Lewis CL. Not All Single Leg Squats Are Equal: A 
Biomechanical Comparison of Three Variations. Int J Sports Phys Ther. 
2016;11(2):201-211. 
  
164 
 
191. Hatfield GL, Charlton JM, Cochrane CK, et al. The biomechanical demands on 
the hip during progressive stepping tasks. J Strength Cond Res. 2016. 
192. Chinkulprasert C, Vachalathiti R, Powers CM. Patellofemoral joint forces and 
stress during forward step-up, lateral step-up, and forward step-down exercises. J 
Orthop Sports Phys Ther. 2011;41(4):241-248. 
193. Luque-Seron JA, Medina-Porqueres I. Anterior Cruciate Ligament Strain In Vivo: 
A Systematic Review. Sports Health. 2016;8(5):451-455. 
194. Kim HY. Statistical notes for clinical researchers: Evaluation of measurement 
error 2: Dahlberg's error, Bland-Altman method, and Kappa coefficient. Restor 
Dent Endod. 2013;38(3):182-185. 
195. Kim HY. Statistical notes for clinical researchers: Evaluation of measurement 
error 1: using intraclass correlation coefficients. Restor Dent Endod. 
2013;38(2):98-102. 
196. Andersen EM. Criteria for Assessing the Tools of Disability Outcomes Research. 
Arch Phys Med Rehabil. 2000;81(Suppl 2 ):S15-S20. 
197. Zaki R, Bulgiba A, Nordin N, Azina Ismail N. A systematic review of statistical 
methods used to test for reliability of medical instruments measuring continuous 
variables. Iran J Basic Med Sci. 2013;16(6):803-807. 
198. Kwiecien R, Kopp-Schneider A, Blettner M. Concordance analysis: part 16 of a 
series on evaluation of scientific publications. Dtsch Arztebl Int. 
2011;108(30):515-521. 
199. Bruton A CJ, Holgate ST. Reliability: What is it and how is it measured? 
Physiotherapy. 2000;86(2):94-99. 
  
165 
 
200. Karras DJ. Statistical methodology: II. Reliability and validity assessment in 
study design, Part B. Acad Emerg Med. 1997;4(2):144-147. 
201. Crossley KM, Zhang WJ, Schache AG, Bryant A, Cowan SM. Performance on 
the single-leg squat task indicates hip abductor muscle function. Am J Sports Med. 
2011;39(4):866-873. 
202. Kennedy MD, Burrows L, Parent E. Intrarater and Interrater Reliability of the 
Single-Leg Squat Test. Athl Ther Today. 2010;15(6):32-36. 
203. Park KM, Cynn HS, Choung SD. Musculoskeletal predictors of movement quality 
for the forward step-down test in asymptomatic women. J Orthop Sports Phys 
Ther. 2013;43(7):504-510. 
204. Herman G, Nakdimon O, Levinger P, Springer S. Agreement of an Evaluation of 
the Forward-Step-Down Test by a Broad Cohort of Clinicians With That of an 
Expert Panel. J Sport Rehabil. 2016;25(3):227-232. 
205. Chmielewski TL, Hodges MJ, Horodyski M, Bishop MD, Conrad BP, Tillman 
SM. Investigation of clinician agreement in evaluating movement quality during 
unilateral lower extremity functional tasks: a comparison of 2 rating methods. J 
Orthop Sports Phys Ther. 2007;37(3):122-129. 
206. Weeks BK, Carty CP, Horan SA. Kinematic predictors of single-leg squat 
performance: a comparison of experienced physiotherapists and student 
physiotherapists. BMC Musculoskelet Disord. 2012;13:207. 
207. Ageberg E, Bennell KL, Hunt MA, Simic M, Roos EM, Creaby MW. Validity 
and inter-rater reliability of medio-lateral knee motion observed during a single-
limb mini squat. BMC Musculoskelet Disord. 2010;11:265. 
  
166 
 
208. Stensrud S, Myklebust G, Kristianslund E, Bahr R, Krosshaug T. Correlation 
between two-dimensional video analysis and subjective assessment in evaluating 
knee control among elite female team handball players. Br J Sports Med. 
2011;45(7):589-595. 
209. Graci V, Van Dillen LR, Salsich GB. Gender differences in trunk, pelvis and 
lower limb kinematics during a single leg squat. Gait Posture. 2012;36(3):461-
466. 
210. Bremander AB, Dahl LL, Roos EM. Validity and reliability of functional 
performance tests in meniscectomized patients with or without knee osteoarthritis. 
Scand J Med Sci Sports. 2007;17(2):120-127. 
211. Tijssen M, van Cingel RE, Staal JB, Teerenstra S, de Visser E, Nijhuis-van der 
Sanden MW. Physical therapy aimed at self-management versus usual care 
physical therapy after hip arthroscopy for femoroacetabular impingement: study 
protocol for a randomized controlled trial. Trials. 2016;17:91. 
212. Agresta CE, Church C, Henley J, Duer T, O'Brien K. Single Leg Squat 
Performance in Active Adolescents Age 8 to 17 Years. J Strength Cond Res. 
2016. 
213. Perrott MA, Pizzari T, Opar M, Cook J. Development of clinical rating criteria for 
tests of lumbopelvic stability. Rehabil Res Pract. 2012;2012:803637. 
214. Burnham JM, Yonz MC, Robertson KE, et al. Relationship of Hip and Trunk 
Muscle Function with Single Leg Step-Down Performance: Implications for 
Return to Play Screening and Rehabilitation. Phys Ther Sport. 2016;22:66-73. 
  
167 
 
215. Piva SR, Fitzgerald K, Irrgang JJ, et al. Reliability of measures of impairments 
associated with patellofemoral pain syndrome. BMC Musculoskelet Disord. 
2006;7:33. 
216. Rabin A, Kozol Z. Measures of range of motion and strength among healthy 
women with differing quality of lower extremity movement during the lateral 
step-down test. J Orthop Sports Phys Ther. 2010;40(12):792-800. 
217. Junge T, Balsnes S, Runge L, Juul-Kristensen B, Wedderkopp N. Single leg mini 
squat: an inter-tester reproducibility study of children in the age of 9-10 and 12-14 
years presented by various methods of kappa calculation. BMC Musculoskelet 
Disord. 2012;13:203. 
218. Poulsen DR, James CR. Concurrent validity and reliability of clinical evaluation 
of the single leg squat. Physiother Theory Pract. 2011;27(8):586-594. 
219. Raisanen A, Pasanen K, Krosshaug T, Avela J, Perttunen J, Parkkari J. Single-Leg 
Squat as a Tool to Evaluate Young Athletes' Frontal Plane Knee Control. Clin J 
Sport Med. 2016;26(6):478-482. 
220. Almeida GP, Silva AP, Franca FJ, Magalhaes MO, Burke TN, Marques AP. 
Relationship between frontal plane projection angle of the knee and hip and trunk 
strength in women with and without patellofemoral pain. J Back Musculoskelet 
Rehabil. 2016;29(2):259-266. 
221. Tate J, Dale B, Baker C. Expert Versus Novice Interrater and Intrarater Reliability 
of the Frontal Plane Projection Angle During a Single-Leg Squat. Int J Athl Ther 
Train. 2015;20(4):23-27. 
  
168 
 
222. Nakagawa TH, Moriya ET, Maciel CD, Serrao FV. Test-retest reliability of three-
dimensional kinematics using an electromagnetic tracking system during single-
leg squat and stepping maneuver. Gait Posture. 2014;39(1):141-146. 
223. Charlton PC, Bryant AL, Kemp JL, Clark RA, Crossley KM, Collins NJ. Single-
Leg Squat Performance is Impaired 1 to 2 Years After Hip Arthroscopy. PM R. 
2016;8(4):321-330. 
224. Hollman JH, Galardi CM, Lin IH, Voth BC, Whitmarsh CL. Frontal and 
transverse plane hip kinematics and gluteus maximus recruitment correlate with 
frontal plane knee kinematics during single-leg squat tests in women. Clin 
Biomech (Bristol, Avon). 2014;29(4):468-474. 
225. Claiborne TL, Armstrong CW, Gandhi V, Pincivero DM. Relationship between 
hip and knee strength and knee valgus during a single leg squat. J Appl Biomech. 
2006;22(1):41-50. 
226. Mauntel TC, Begalle RL, Cram TR, et al. The effects of lower extremity muscle 
activation and passive range of motion on single leg squat performance. J 
Strength Cond Res. 2013;27(7):1813-1823. 
227. Mauntel TC, Frank BS, Begalle RL, Blackburn JT, Padua DA. Kinematic 
differences between those with and without medial knee displacement during a 
single-leg squat. J Appl Biomech. 2014;30(6):707-712. 
228. Rabin A, Kozol ZVI, Moran U, Efergan A, Geffen Y, Finestone AS. Factors 
Associated With Visually Assessed Quality of Movement During a Lateral Step-
down Test Among Individuals With Patellofemoral Pain. J Orthop Sports Phys 
Ther. 2014;44(12):937-946. 
  
169 
 
229. Rabin A, Portnoy S, Kozol Z. The Association of Ankle Dorsiflexion Range of 
Motion With Hip and Knee Kinematics During the Lateral Step-down Test. J 
Orthop Sports Phys Ther. 2016;46(11):1002-1009. 
230. Herman G, Nakdimon O, Levinger P, Springer S. Agreement of an Evaluation of 
the Forward-Step-Down Test by a Broad Cohort of Clinicians With That of an 
Expert Panel. J Sport Rehabil. 2016;25(3):227-232. 
231. Rabin A, Portnoy S, Kozol Z. The Association Between Visual Assessment of 
Quality of Movement and Three-Dimensional Analysis of Pelvis, Hip, and Knee 
Kinematics During a Lateral Step Down Test. J Strength Cond Res. 
2016;30(11):3204-3211. 
232. Stickler L, Finley M, Gulgin H. Relationship between hip and core strength and 
frontal plane alignment during a single leg squat. Phys Ther Sport. 2015;16(1):66-
71. 
233. Dingenen B, Malfait B, Vanrenterghem J, Verschueren SM, Staes FF. The 
reliability and validity of the measurement of lateral trunk motion in two-
dimensional video analysis during unipodal functional screening tests in elite 
female athletes. Phys Ther Sport. 2014;15(2):117-123. 
234. McGovern RP, Martin RL, Christoforetti JJ, Kivlan BR. Evidence-Based 
Procedures for Performing the Single Leg Squat and Step-Down Tests in 
Evaluation of Non-Arthritic Hip Pain: A Literature Review. Int J Sports Phys 
Ther. 2018;13(3):526-536. 
  
170 
 
235. Holm I, Bolstad B, Lutken T, Ervik A, Rokkum M, Steen H. Reliability of 
goniometric measurements and visual estimates of hip ROM in patients with 
osteoarthrosis. Physiother Res Int. 2000;5(4):241-248. 
236. Copay AG, Subach BR, Glassman SD, Polly DW, Jr., Schuler TC. Understanding 
the minimum clinically important difference: a review of concepts and methods. 
Spine J. 2007;7(5):541-546. 
237. Trochim W. Single group effects. Updated 2006. ed. 
http://www.socialresearchmethods.net/kb/intsing.php. 
238. Ohlund B, Chong-ho Y. Threats to validity of research design. 
http://web.pdx.edu/~stipakb/download/PA555/ResearchDesign.html. 
239. Mansell NS, Rhon DI, Meyer J, Slevin JM, Marchant BG. Arthroscopic Surgery 
or Physical Therapy for Patients With Femoroacetabular Impingement Syndrome: 
A Randomized Controlled Trial With 2-Year Follow-up. Am J Sports Med. 
2018;46(6):1306-1314. 
240. Griffin DR, Dickenson EJ, Wall PDH, et al. Hip arthroscopy versus best 
conservative care for the treatment of femoroacetabular impingement syndrome 
(UK FASHIoN): a multicentre randomised controlled trial. Lancet. 
2018;391(10136):2225-2235. 
241. Faucett SC, Nepple JJ, Andrade T, et al. Randomized Controlled Trial of Hip 
Arthroscopy Surgery vs Physical Therapy: Letter to the Editor. Am J Sports Med. 
2018;46(8):NP35-NP38. 
 
 
  
171 
 
APPENDIX A 
 
Non-Arthritic Hip Pain Home Exercise Program 
 
Exercise 1: Standing Hip Abduction   
        
 Stand with feet together. 
 Squeeze both gluteus muscles and lift leg with knee bent at a 45° angle. 
 Maintain core, pelvis, and shoulder alignment without allowing any movement of 
your pelvis. 
 Move the lifted leg away from midline, by rotating outward. 
 Maintain a contracted gluteus muscle and the standing knee over the second toe. 
 Hold for 3 seconds. 
 Perform on both sides. 
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Exercise 2: Mini-Lunge 
       
 Start with a wide stance. 
 Lunge forward keeping the lunging knee over the second toe. 
 Do not bend the knee past the front of the toes. 
 Hold for 5 seconds. 
 Perform on both sides.  
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Exercise 3: Side Lunge  
        
 Start with the feet shoulders width apart. 
 Lunge to the side without shifting the hip or trunk.  
 Maintain an upright core with a straight back position.  
 Perform on both sides. 
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Exercise 4: Wall Slides 
 
 Standing with the back against a wall and feet 18 inches from the wall. 
 Slide down so that knees are slightly bent (~45°-60°). 
 DO not go past 90°of knee flexion and keep the knees over the second toes. 
 Hold for 15 seconds. 
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Exercise 5: Single leg balance  
 
 Stand with the non-affected leg towards and touching the wall, with feet shoulders 
width apart.   
 Lean against a wall with the non-affected leg lifted to 90°.  
 Isometrically press the non-affected leg against the wall. 
 Balance on the affected leg with knee slightly bent and knee over second toe.  
 Hold for 5 seconds. 
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Exercise 6: Eccentric Hamstring Stretch 
      
 Stand on the affected leg with knee slightly bent and arms out to side. 
 Maintain a straight back and lean forward 
 Extend the hip and knee trying to keep body parallel with the floor. 
 Hold for 3 seconds. 
 Slowly return to starting position. 
 Perform on both sides. 
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Exercise 7: Side-to-Side Walk 
      
 Side-to-side walk with comfortable stance. 
 Step width should maintain a balanced trunk and upper extremities. 
 Do not overextend laterally.  
 Maintain slightly bent knees (~45°-60°). 
 Perform in both lateral directions for 15 feet. 
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Exercise 8: Step-Down  
         
 Stand on stool or raised surface. 
 Maintain a straight back with unaffected leg off the stool or raised surface. 
 Allow unaffected leg to drop until the heel touches the ground by bending the hip 
and knee.  
 Keep the knee over the second toe. 
 Return to starting position. 
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Exercise 9: Single Leg Squat  
          
 Stand on the involved leg with back straight and opposite knee bent to 90°. 
 Slightly bend the involved knee (~45°-60°) while keeping the knee over the 
second toe. 
 Return to starting position. 
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Exercise 10: Hip Flexor Stretch  
       
 Kneel on floor with a straight back. 
 Lean forward until a stretch is felt in the back leg/hip. 
 Do not let knee go in front of the toes. 
 Hold for 5 seconds. 
 Perform on both sides. 
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Exercise 11: Hip Extensions  
        
 Begin on hands and knees.  
 Maintain a straight back and contracted core. 
 Extend leg while contracting gluteus muscles. 
 Do not extend back or lift pelvis. 
 Hold for 5 seconds. 
 Perform on both sides. 
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Exercise 12: Bridge  
       
 Lay on the ground with knees flexed. 
 Lift hips as high as possible while maintaining a contracted core and gluteus 
muscles. 
 Hold for 5 seconds. 
 Lower to starting position. 
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Appendix B  
Non-Arthritic Hip Home Exercise Program 
 
 
 
Established from an evidence-based, literature review currently in the peer-
review process: 
 
Non-Operative Management of Individuals with Non-Arthritic 
Hip Pain: A Literature Review. 
Ryan P. McGovern, MS, LAT, ATC 
 RobRoy L. Martin, PhD, PT, CSCS  
Benjamin R. Kivlan, PhD, PT, OCS, SCS 
John J. Christoforetti, MD 
Allegheny Health Network 
& 
Duquesne University 
 
 
 
 
 
 
Participants should complete 4 exercises (~15 minutes) of the provided home-exercise 
program on the week-days when they were not participating in a supervised physical 
therapy intervention.  Please rotate through the 12 total exercises during the week, while 
not repeating an individual exercise on back-to-back days. 
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Exercise 1: Standing Hip Abduction   
        
 Stand with feet together. 
 Squeeze both gluteus muscles and lift leg with knee bent at a 45° angle. 
 Maintain core, pelvis, and shoulder alignment without allowing any movement of 
your pelvis. 
 Move your leg away from midline. 
 Maintain a contracted gluteus muscle and keep your knee over your second toe. 
 Hold for 3 seconds. 
 Perform on both sides. 
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Exercise 2: Mini-Lunge 
       
 Start with a wide stance. 
 Lunge forward keeping your knee over your second toe. 
 Do not bend the knee past the front of your toes. 
 Hold for 5 seconds. 
 Perform on both sides.  
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Exercise 3: Side Lunge  
        
 Start with your feet shoulders width apart. 
 Lunge to the side without shifting your hip or trunk.  
 Maintain core with a straight back position.  
 Perform on both sides. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
187 
 
 
 
Exercise 4: Wall Slides 
 
 Standing with your back against a wall and feet 18 inches from the wall. 
 Slide down so that knees are slightly bent (~45°-60°). 
 DO not go past 90°of knee flexion and keep your knees over your second toes. 
 Hold for 15 seconds. 
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Exercise 5: Single leg balance  
 
 Stand with your non-affected leg towards and touching the wall with feet 
shoulders width apart.   
 Lean against a wall with your non-affected leg lifted to 90°.  
 Isometrically press the non-affected leg against the wall. 
 Balance on the affected leg with knee slightly bent and knee over second toe.  
 Hold for 5 seconds. 
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Exercise 6: Eccentric Hamstring Stretch 
      
 Stand on the affected leg with knee slightly bent and arms out to side. 
 Maintain a straight back and lean forward 
 Extend the hip and knee trying to keep body parallel with the floor. 
 Hold for 3 seconds. 
 Slowly return to starting position. 
 Perform on both sides. 
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Exercise 7: Side-to-Side Walk 
      
 Side-to-side walk with comfortable stance. 
 Step width should maintain a balanced trunk and upper extremities. 
 Do not overextend laterally.  
 Maintain slightly bent knees (~45°-60°). 
 Perform in both lateral directions for 15 feet. 
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Exercise 8: Step-Down  
         
 Stand on stool or raised surface. 
 Maintain a straight back with unaffected leg off the stool or raised surface. 
 Allow unaffected leg to drop until the heel touches the ground by bending the hip 
and knee.  
 Keep your knee over your second toe. 
 Return to starting position. 
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Exercise 9: Single Leg Squat  
          
 Stand on the involved leg with back straight and opposite knee bent to 90°. 
 Slightly bend your involved knee (~45°-60°) while keeping your knee over your 
second toe. 
 Return to starting position. 
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Exercise 10: Hip Flexor Stretch  
       
 Kneel on floor with a straight back. 
 Lean forward until a stretch is felt. 
 Do not let knee go in front of the toes. 
 Hold for 5 seconds. 
 Perform on both sides. 
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Exercise 11: Hip Extensions  
        
 Begin on hands and knees.  
 Maintain a straight back and contracted core. 
 Extend leg while contracting gluteus muscles. 
 Do not extend back or lift pelvis. 
 Hold for 5 seconds. 
 Perform on both sides. 
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Exercise 12: Bridge  
       
 Lay on the ground with knees flexed. 
 Lift hips as high as possible while maintaining a contracted core and gluteus 
muscles. 
 Hold for 5 seconds. 
 Lower to starting position. 
 
 
